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(57) Abstract 

The invention relates to acetic acid derivatives of formula (I) and pharmaceuticaily acceptable derivatives thereof and salts 
and solvates thereof, in which X* and Y*, which may be the same or different, represent CH or N ; X2 represents CH or, when 
XI represents CH, may also represent N; Y2 represents N or, when Y' represents N, may also represent CH; Z represents N 
or N+R5; Ri represents a hydrogen atom or a hydroxyl, Ci^alkyl or 2A2-trifIuoroethyl group; R2 represents a hydrogen 
atom or, when both X' and X^ represent CH, may also represent a fluorine, chlorine or bromine atom or a Cj^alkyl group; 
R3 represents a hydrogen atom or, when both and Y2 represent N, may also represent a Ci^alkyl or hydroxymethyl 
group. R^ represents a. hydrogen atom or, when Z represents N, R^ may also represent a Ci^alkyl group; R5 represents a 
Cj^alkyl or phenylCi^alkyl group; R^ represents a hydrogen atom or a Ci^alkyl group. The compounds inhibit fibrinogen- 
dependent blood platelet aggregation. 
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PIPERIDINE ACETIC ACID DERIVATIVES AS INHIBITORS OF FIBRINOGEN-DE- 
PENDENT BLOOD PLATELET AGGREGATION 



10 



15 



This invention relates to acetic acid derivatives, to processes for their preparation, 
to pharmaceutical compositions containing such compounds and to their use in medicine. 

It is widely accepted that the glycoprotdn complex Gp nb/ma is the fibrinogen 
binding site on platdets that mediates the adheave function required for platelet 
aggregation and thrombus formation. We have now found a group of non-peptidic 
compounds which inhibit fibrinogen-dependent platelet aggregation by blocking the 
binding of fibrinogen to the putative fibrinogen receptor Gp nb/ma complex. 

The invention thus provides the compounds of formula (I) 




(D 



20 



25 



30 



and salts and soWates thereof in which 

X' and Y', whidi may be the same or different, represem CH or N; 

represents CH or, -when X' represents CH, may also represem N; 

represents N or, vAien Y' represents N, may also represent OI; 
Z represents N or >rR*; 

R' represents a hydrogen atom or a hydroxyl, C,^alkyl or 2,2,2- trifluoroetiiyl group; 

r^resents a hydrogen atom or, when both X' and X^ represent CH, may also 
represent a fluorine, chlorine or bromine atom or a Cj^alkyl group; 
R' represents a hydrogen atom or, when both Y' and Y* represent N, may also represent 
a Cj^alkyl or hydroxymethyl group. 

R* represents a hydrogen atom or , when Z represents N, R* may also represent a C,^alkyl 



group; 
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20 



represents a Cj^alkyl or phenyIC,^alkyl group; 
represents a hydrogen atom or a C,^alkyl group. 

m the formulae that follow, the terms "ring -A-" , "ring -B-- and "ring -C-" wfll 
herdnafter be used to describe certain rings of formula Q) : 



I 

R- 




6 

R 



Z— CHCOjH 



It iwffl be appreciated that, for pharmaceutical use. the salts referred to above will be 
the physiologicalfy acceptable salts, but other salts may find use. for example in the 
preparation of compounds of formula ® and the physiologicafly acceptable salts thereof 

It will b e fiirther appredated by those skilled in the art that the compounds of 
formula (D in which B} is other than hydrogen contain at least one chiral centre (shown as 
* in foimula (I)) and that such compounds exist in the form of a pair of optical isomers 
O-e. enantiomere). Hie mvention mdudes aU sudi isomers and mixtures thereof including 
racemic xnbctuFes. 

Suitable plvsiologicalty acceptable salts of the compounds of formula (0 indude 
add addition salts formed with inorganic or organic adds (for example hydrodilorides, 
hydrobromides, sulphates, phosphates, benzoates. naphthoates. hydrojqmaphthoates. p- 
toluenesulphonates, methanesulphonates. sulphamates. ascorbates, tartrates, saHcylates. 
sucdnates. lactate^ glutarates. glutaconates, acetates, tricarballylates, dtrates. fomaiates 
and maleates) and inorganic base sahs sudi as alkali metal salts (for example sodhim 
25 salts). 

Other salts of the compounds of formula (I) mdude salts formed with 
trifluoroacetic add. 

It is to be understood that the present invention encompasses all isomers of the 
compounds of formula (D and thdr salts and solvates, including all tautomeric and optical 
30 forms, and mixtures thereof (e.g. racemic mixtures). 
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It is to be further understood that the present invention includes pharmacuetically 
acceptable derivatives of the compounds of formula (I). By phaimaceutically acceptable 
derivative is meant any pharmaceutically acceptable ester or salt or solvate of such ester 
of the compounds of formula (I) or any other compound which upon administration to the 
5 recipient is capable of providing (directly or indirectly) a compound of formula (I) or an 
active metabolite or residue thereof. 

It will be appreciated by those skilled in the art that the compounds of formula (I) 
may be modified to provide pharmaceutically acceptable derivatives thereof at any of the 
functional groups in the compounds. Of particular interest as such derivatives are 
10 compounds modified at the carboxyl or amidine functions. 

Thus compounds of interest include carboxylic acid esters of the compounds of 
formula (I), Examples of such esters include Cj^alkyl esters, more preferably Cj.jalkyl 
esters, such as ethyl esters. 

Other compounds of interest as pharmaceutically acceptable derivatives include 
15 benzoylamidine, allcyloxycarbonyl amidine and dialkyloxyphosphmyl amidine derivatives 
of the compounds of formula (I), which may be prepared by transformation of the amidine 
group. 

It will be appreciated by those skilled in the art that the pharmaceutically acceptable 
derivatives,ofthe_compounds_of formula (I) may be derivatised at more than one position. 
20 It will be further appreciated by those skilled in the art that carboxylic acid ester 

derivatives of formula (I) may be usefiii as intermediates in the preparation of compounds 
of formula (I), or as pharmaceutically acceptable derivatives of formula (I), or botii. 

The term ^alkyF as a group or part of a group means a straight or branched chain 
alkyl group, for example a methyl, ethyl, n- propyl, i-propyl, n-butyl, s-butyl or t-butyl 

25 group. 

In compounds of formula (I), the following meanings are preferred: 
X* and 3^ both rq)resent CH; 

and both represent N; 
Z represents N or ^^R^ where represents a methyl or benzyl group; 
30 Z most preferably represents N; 
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B} represents a hydrogen atom; 

r2 represents a Iqrdrogen, fluorine or chlorine atom, or a Cj.^alkyl group; 
most preferably presents a hydrogen atom; 
represents a hydrogen atom; 
5 R<representsahydrogenatomoramethylgroup;and 

R« most preferably r^resents a hydrogen atom. 

When R* represents a chlorine or bromine atom or a C^allqd group, R' is preferably 
in the position meta to the amidine fimction. 

ft is to be understood that the present invention covers all combinations of preferred 
10 and specific groupings referred to above. 



IS 



4.[4.[4- (annnoiminometfayOpheiylH-piperazinylH'pq)^^ add and 
physiologically acceptable salts and solvates thereof. 

Other preferred compounds of the invention indude: 
15 tians^[M4<Ammoiminomethyl)phenyl]4-piperazinyl].H2<l^ 

oxoethylH-metl^rlpiperidinium salts, induding plq^ologically acceptable salts and 
solvates thereof 

1,1-DanetlqrIethyl 4-[4-[4-[amino(hydroJ^o)methyi]phenyl]-l-pipenBinyl]-l^ 
piperidineacetate and physiologically acceptable salts and sohrates thereof 

20 l,l.Dhnethylethyl 4-[4.[4-rmiino[(2.2,2-trifluoroetlQd)anm methyqphenyll-l- 

iriperazinylH-piperidineacetate and physiologically acceptable sahs and solvates thereof, 
l,l.DimetIvlethyl 4-[4-[6-(aminoiminomethyl)-3-pyridinyq-l- pipera2inyl]-l- 
I^peridineacetate and plqRdologicatty acceptable salts and solvates thereof 
1,1-DimethylethyI iK4-[4-(aminoiniinomethyl)phenyl]-2-methyl.l. piperazinyl]-!- 

25 piperidmeacetate and physiologically acceptable salts and solvates thereof. 
trans^[l-[4-(Aminoiminometl9l)phenyl]-4-piperidinyiH-[2-a 
oxoethylM-methylpiperidimum salts, including physiologically acceptable saks and 

solvates thereof 

1,1-Dimethylethyl 4.[4<aminoiminomethyl)phenyl][I.4'-bipiperidine]. I'-acetate and 
30 physiologically acceptable salts and solvates thereof. 
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1,1-Dimethylethyl 4*[4-[4-(aminoiininomethyl)phenyl]-l-piperazinyI] l-piperidineacetate 

and physiologicaUy acceptable salts and solvates thereof; 

1,1-Dimethylethyl 4-[4-[4-(aminoiminomethyl)-2-bromophenyl]-l- piperazinylj-l- 

piperidineacetate and physiologicaUy acceptable salts and solvates thereof; 
5 1,1-Dimethylethyl 4-[4-[4-(aminoiminonicthyl)-2-niethylphenyl]-l - piperazinylj-l - 

piperidineacetate and physiologically acceptable salts and solvates thereof; 

Ethyl 4-[4*[4-(aniinoinimoniethyl)phenyl]-l-piperazinyI]-a-niethyl-l- piperidmeacetate 

and physiologically acceptable salts and solvates thereof; 

1,1-Dimethylethyl r-[4-(aminoiminomethyl)phenyI][4,4'- piperidine]-l-acetate and 
10 physiologically acceptable salts and solvates thereof, 

trans-4-[4-[4-(Anmoiminomethyl)phenyl]- 1 -piperazinyl]- 1 - 

[2- (1 J-dimethylethoxy)-2-oxoethyI]-l-(phenybnethyI)piperidinium salts, including 

phydologically acceptable salts and solvates thereof, 

ds-4-[4-[4KAminoiminomethyl)phenyl]-l-piperazinyI]-l- 
15 [2-(l,l- dimethylethoxy)-2-oxoethyl]-l-(phenylmethyl)piperidinium salts, including 

physiologically acceptable salts and solvates thereof, 

cis-l,l-Dimethylethyl 4-[4-[4-[amino(hydroxyimino)methyl]phenyl]-l- piperazinyl]-3- 
methyl-l-piperidineacetate and physiologicaUy acceptable salts and solvates thereof, 
trans-4-[4-[4-(AnMnoiniinomethyl)phenyl]-l-pipera2i 
20 2-oxoethyl)-l-methylpiperidinium salts, including physiologicaUy acceptable salts and 
solvates thereof; 

4.[4-[4^Amino(hydroxyimino)methyl]phenyl]-l-pipera2inyl]-l- piperidineacetic acid and 
physiologicaUy acceptable salts and solvates thereof, 
4-[4-[4-(Imino[(2,2,2-trifluoroethyl)ammo]methyl]phenyl]- 1 - 
25 piperaziiqrl]-l-piperidineacetic acid and physiologically acceptable salts and solvates 
thereof, 

4-[4-[6-(AnMnoinmomethyl)-3-pyridinyi]-l-pipera2inyI]-l- piperidineacetic acid and 
physiologicaUy acceptable salts and solvates thereof; 

4-[4.[4.(Aminoiminomethyl)phenyl]-2-methyl-l -piperazinyl]- 1- piperidineacetic acid and 
30 physiologicaUy acceptable salts and solvates thereof; 
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trans-4.[l<4-(Aininoinimomethyl)phenyl]-4-pipOT 

2-oxoetiqrl>l-methylpiperidimum salts, including physiologically acceptable salts and 
solvates tiiereo^ 

4.[4<AnmoiminometlQfl)phenyl][l,4'-bipiperidi^^^ add and physiologically 
acceptable salts and sohmtes thoeo^ 

Ethyl 4-[4.[4<aniinohninomethyl)phei^lI-l-pipera2ii5fi]-l- piperidineacetate and 
physiologically acceptable salts and sohrates thereof 

4^4.[4KAininoiniinomethyl)-2.bromophenyll-l.piperazi^ pipwidineacetic add and 
pl^siologically acceptable salts and solvates thereof 

4.[4.[4<AniinoinnnomethyI)-2.metlQr^henyl]-l-piperaa^ piperidineacetic add and 
physiologically acceptable salts and soWates thereof 

4-[4-[4KAminoiminomethyl)phenyq-l-piperaziM]HX.mea^ piperidineacetic add. in 
the form of a racemic mixture or a single enamiomer, and physiologicafly acceptable salts 
and solvates thereof 

1 WAminoiminomethyl)phenyl][4,4'-bipiperito^^^ add and physiologicaUy 
acceptable salts and solvates thereof, 

trans^[4-[4<Aminoiminometl5rl)pheiQrq-l-piperaziiqrl]-H2-lqrdro^ 
2^xoethylH-(ph«iylmethyl)piperidimum salts, induding pMoIogically acceptable salts 
and solvates thereof 

ds-4-[4-[4<Aniinoiniinometl5rl)phenylJ-I-pipera2iiqrlH<2.hydroxy-^^ 
oxoethylH-(phei5rlm^yl)piperidimmi salts, including physiologically acceptable sahs 
and solvates thereof 

ds^AJLHAnmdiB^ piperidineacetic add 

and physiologicany acceptable sahs and soWates thereof 
l,l.Dimethylethyl4.[4-[4.[[(ethoxycaibonyl)amino]injinomethyq^^ 

-l-piperidineacetate and physiologically acceptable salts and sobates thereof 
4.[4.[4.[[(Ethoxycarbonyl)aminoliminomethyl]phenyl]-l-piperazm 

add and physiologically acceptable salts and solvates thereof, 
l,l.Dimethylethyl444-[4.rmBno[(methoxycari)oiqrl)amino] methyl]phenyl]-l- 
piperazinylM-piperidineac^ate and physiologicaUy acceptable salts and solvates thereof. 
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4-[4-[4-[Iinmo[(methoxycarbonyl)amino]methyl]phenyl]- 1 -piporaziityl]- 
l*piperidineacetic acid and physiolo^cally acceptable salts and solvates thereof; 
1,1-Diniethylethyl 4-[4-[4[[(diethoxyphosphinyl)amino] iminomethyljphenyl]- 
l-piperazinylj-l-piperidineacetate and physiologically acceptable salts and solvates 
5 thereof; 

4-[4-[4-[[(piethylphosphinyl)amino]inunomethyl]phenyl]*l-piperazinyl^ 
piperidineacetic add and physiologically acceptable salts and solvates thereof, 
1, 1-Diniethylethyl 4»[4-[4*[(benzoylamino)iminomethyl]phe 
piperidineacetate and physiologically acceptable salts and solvates thereof; 
10 4-[4-[4-[(Ben2oylamino)iminomethyI]phenyl]-l-piperazinyl]-l-piperidineacetic acid and 
physiologically acceptable salts and solvates thereof; 

1,1-Dimethylethyl 4-[4-[5-[anMno(hydroxyiniino)methyl]-2-pyridinyI]- 1-piperazinyl]- 
1 -piperidineacetate and physiologically acceptable salts and soh^es thereof, 
l,l«Dimetfayiethyl 4-[4-[5-(aniinoiniinomethyI)-2-pyridinyl]-l- piperazinyi]-l- 

IS piperidineacetate and physiologically acceptable salts and solvates thereof; and 

4-[4-[5-(Aminoiniinoniethyl>-2-pyridinyl]-l-piperazinyl]-l- piperidineacetic acid and 
physiologically acceptable salts and solvates thereof 

Compounds of formula (I) inhibit blood platelet aggregation as demonstrated by 
studies performed on human gel filtered platelets (GFP) using a Bom-type optical 

20 aggregometer (Bom, G.V., 1962, Nature, 194, 927-929). 

In view of their fibrinogen antagonist activity, the compounds of the present 
invention are of interest for use in human and veterinary medicine, particularly m the 
treatment or prophylaxis of thrombotic disorders. Particular examples of thrombotic 
disorders are known in the art and include occlusive vascular diseases such as myocardial 

25 infarction, cardiac &talities, angina, transient ischaemic attacks and thrombotic stroke, 

arteriosclerosis, vessel wall disease peripheral vascular disease, nephropathy, retinopathy, 
postoperative thrombosis, pulmonary embolism, deep vein thrombosis and retinal vein 
thrombosis. The compounds of the invention are also of interest for use in the 
prophylaxis of peri- and postoperative complications following organ transplantation 

30 



.Ql icaCTfT? !"rrr OLJircrr 



10 



PCr/EP92/02588 

WO 93/10091 



8 

(particulariy cardiac and renal), coronary artery bypass, peripheral artery bypass, 
angioplasty, thrombolysis and endarterectomy. 

The compounds of the invention may also be usefiil for the treatment or prophylaxis 
of other conditions in vdridi the gtycoprotein complex Gp nb/n^ 
leceptorsare impUcated. Thus, for example, the compounds oftheimrention may 
potentiate wound healing and be usefiil in the treatment of osteoporosis. 

The compounds of the invention may also be usefiil for the treatment of certain 
cancerous diseases. For example, compounds of the invention maybe of use to prevent 

or delay m^astasis in cancer. 

According to a fbrther aspect of the invention, we provide a compound of formula 
©oraphysiologicanyacceptablesaltorsolvatethereofforuseinhumanorveterm^ 

medicine, particulariyforuseinthe treatment or propMaxis of t^^ 

Accordingto another aspect of the invention, we provide the use of a compomid of 
formuk (I) or a phydologicafly acceptable salt or solvate thereof for tte 
15 medicament for the treatment or prophylaxis of thrombotic disorders. 

According to a forther aspect of the invention, we provide a method of treating a 
human or animal sui^ectsufferingfiom or susceptibleto at^^ 
method comprises administering to said subject an effective amount of a compound of 
formula (0 or a phyaologically acceptable salt or solvate thereof 

It will be appreciated that Ae compounds of formula (D may advantageously be 
usedinconjunctionwithoneormoreothertherapeuticagents. Examples of suitable 

agents for adjunctive therapy indude thrombolytic agents or any other compound 
stfamdatingthrombotysisorfibrinofysis and cytotoxic drugs. It is to be understood that 
the presentinvention covers the use ofacompound of formuhiCOoraphysiologicaUy 
acceptable salt or solvate thereofin combination with one or more other therapeutic 



20 



25 



agents 



30 



a. 

The compounds of formula (I) and their pMologicaUy acceptable salts and 
solvates are conveniently administered in theform of pharmaceutical composition^ Thus, 

in another aspect of the invention, we provide a pharmaceutical composition comprising 
a compound of formula ® or a physiologicaUy acceptable salt or solvate thereof adapted 
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for use in human or veterinary medicine. Such compositions may conveniently be 
presented for use in conventional manner in admixture with one or more physiologically 
acceptable carriers or excipients. 

The compounds according to the invention may be formulated for administration in 
5 any suitable manner. The compounds may, for example, be formulated for topical 

administration or administration by mhalation or, more preferably, for oral or parenteral 
administration. 

For oral administration, the pharmaceutical composition may take the form of, for 
example, tablets, capsules, powders, solutions, syrups or suspensions prepared by 

10 conventional means with acceptable excipients. 

For parenteral administration, the pharmaceutical composition may be given as an 
injection or a continuous infusion (e.g. intravenously, intravascularly or subcutaneously). , 
The compositions may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles and may contain formulatory agents such as suspending, stabilising 

1 5 and/or dispersing agents. For administration by injection these may take the form of a 
unit dose presentation or as a multidose presentation preferably with an added 
preservative. 

Alternatively for parenteral administration the active ingredient may be in powder 
fonn for reconstitution with a suitable vehicle. . 

20 The compounds of the invmtion may also be formulated as a depot preparation. 

Such long acting formulations may be administered by implantation (for example 
subcutaneously or intramuscularly) or by intramuscular injection. Thus, for example, the 
compounds of the invention may be formulated with suitable polymeric or hydrophobic 
materials (for example as an emulsion in an acceptable oil) or ion exchange resins, or as 

25 sparingly soluble derivatives, for example, as a sparingly soluble salt. 

As stated above, the compounds of the invention may also be used in combination 
with other therapeutic agents. The invention thus provides, in a further aspect, a 
combination comprising a compound of formula (I) or a physiologically acceptable salt or 
solvate thereof together with another therapeutic agent, in particular a thrombolytic agent. 



30 
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The combinations referred to above may conveniently be presented for use in the 
form of a pharmaceutical formulation and thus phannaceotical formulations comprising a 
combination as defined above together with a phaimaceutically acceptable carrier or 
exdpient comprise a further aspect of the invention. The individual components of such 
5 combmationsrnaybeadmirdstered either sequentiaUyorsimultaneoustyi^ 

combined pharmaceutical formularions. 

When a compound of formula (T) or a pl^ologicatty acceptable salt or solvate 
thereof is used in combination with a second ther^eutic agent active against the same 
disease state the dose of each compound may differ fi^m that when the compound is used 

10 alone. Appropriate doses wiU be readily appreciated by those skilled in the art 

A proposed daily dosage of a compound of formula Q) for the treatment of man is 
0.01 mgflsg to 30 mgflcg, which may be conveniently administered in 1 to 4 doses. The 
precise dose employed will depend on the age and condition of the patient and on the 
route of administration. Thus,forexampleiadailydoseof0.1mg/l«to lOmg/l^maybe 

15 suitable for systemic administration. 

Smtable methods for tiie preparation of compounds of formula (J) and salts and 
solvates thereof are described bdow. In tiie formulae tiiat follow, X', 3?, Y', Y^, Z, R', 
R*, R', R*, R* and R* are as defined in formula (I) above unless otherwise stated; R' 
represents a protecting group; and Ifel represents a halogen, e.g. bromine. 

20 Thus, according to a first process (A), compounds of formula ® in which R' 

represents a hydrogen atom may be prepared fi»m compounds of formula (II) 



25 



S 

\ ' > ^ 

by treating said compounds of formula (H) witix a suitable alkylating agent. foUowed by 
reaction witii a source of ammonia (e.g. ammonmm acetate) in a suitable solvent, such as 
an alcoholic solvent (e.g. metiianol) at an elevated temperature (e.g. reflux), and 
tiiereafterremovingtiiecarbojqrHcacidprotectinggroup. The alkylation (e.g. ethylation) 
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may conveniently be effected by employing an appropriate triaUcyloxonium salt (e.g. 
triethyloxonium tetrafiuoroborate) in a suitable solvent (e.g. dichloromethane) at room 
temperature. Alternatively the alkylation (e.g. methylation or benzylation) may 
conveniently be effected using an alkyl or benzyl halide (e.g. iodomethane) in a suitable 
5 solvent such as a ketone (e.g. acetone) at an elevated temperature (e.g. reflux). It will be 
appreciated that vdien the alkylation is effected with a C,^alkyl or phenylC,^alkyl halide 
alkylation to provide compounds in which Z represents hTR^ may also resuh. 

According to a further process (B), compounds of formula (I) in which 
represents a hydroxyl group may be prepared from compounds of formula (m) 



or protected derivatives thereof by treating said compounds of formula (HI) with 
hydroxylamine or an add addition sah thereof (e.g. hydroxylamine hydrochloride) in the 
presence of a suitable base such as an alkali or alkaline earth metal carbonate or 
bicarbonate (e.g. potassium carbonate) or an alkoxide such as potassium tert-butoxide 
and in a solvent such as an alcohol (e.g. methanol or tert-butanol), followed, where 
necessary, by removing any protecting groups present. The reaction with hydroxylamine 
or an add addition salt thereof may conveniently be effected at an elevated temperature 
(e.g. reflux) when a carbonate or bicarbonate is used. When an alkoxide is used the 
reaction may conveniently be effected at a temperature in the range of about 20^ to 80^C. 

According to a yet further process (C), compounds of formula (I) in which 
represents a hydroxyl, C,^alkyl or 2,2,2-trifluoroethyl group may be prepared by treating 
compounds of formula (H) with a suitable alkylating agent as described in process (A) 
above followed by reaction of the in situ formed thioimidate with an amine R'NHj (where 
R* represents hydroxyl, C,^alkyl or 2,2,2-trifluoroethyl). with subsequent removal of the 
carboxylic add protectmg group. The reaction mth the amine R^NHL^ may conveniently be 
carried out in a suitable solvent such as an alcohol (e.g. methanol) or an ether (e.g. 
tetrahydrofuran) at an elevated temperature. 



10 




(III) 
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According to a still further process (D), compounds of fonnula (I) may also be 
prepared by reacting a compound of fonnula (IV) hereinafter with an alcohol (e.g. 
ethanol) under add conditions, followed by treatment of the resulting imidate with a 
source of ammonia (e.g. ammonhmi acetate), or an amine R'NEj (where R' is a hydroxyl 

5 Cj^alkyl or 2,2,2- trifluoroethyl group), respectively under the conditions described in 
processes (A) or (C) above, or at ambient temperature, with subsequent removal of the 
carboxylic add protecting group. 

According to another process (E), compounds of fonnula (I) may be prepared by 
interconversion, utilising other compounds of fonnula (I) as precursors. Thus, for 

10 example compounds of fonnula (D in which R' represents a hydrogen atom may be 

prepared fiom conesponding compounds of fonnula (I) in whidi R' represents a hydroxyl 
group by catalytic Mrogenation in a solvent such as an alcohol (e.g. ethanoO, or acetic 
add preferably in the presence of acetic anhydride. Suitable catalysts indude Ranqr 
Nickd or conventional palladium, platinum or rhodram catalysts. 

15 According to yet another process (F), compounds of formula (I) in which R' is 

Iqrdrogen, Ci^^alkyl or 2,2,2-tiifluoroethyl and ring -C- represents 




may conveniently be prepared by hydrogenating compounds of formula (XII) 



r* 

R* 



R=-N > / \=/ 

H 



25 J_/ \=/ \_J 



30 



(where R' is hydrogen, C,^alkyi or 2,2,2-ttifluoroetfayl) at an elevated pressure and in the 
presence of a platinum catalyst (e.g. PtOj), and thereafter removing the caiboxyl 
protecting group. The reaction may conveniently be effected in a solvent such as an 
alcohol (e.g. etiianol). and optionaUy m tiie presence of an add, such as hydrochloric add. 
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Another process (G) for preparing compounds .of formula (I) comprises 
deprotecting protected derivatives of compounds of formula (I). In a particular 
embodiment of this process compounds of formula (I) may be prepared from protected 
carboxyl derivatives of compounds of formula (I). 



"Protective Groups in Organic Synthesis* by Theodora W. Green, second edition, (John 
Wiley and Sons, 1991) which also describes methods for the removal of such groups. 
Particular carboxyl protecting groups include, for example, caiboxylic acid ester groups 
such as cari)oxylic acid alkyl or aralkyl esters, for example where the alkyl or aralkyl 

10 portion of the ester function is methyl, ethyl, tert-butyl, methoxymethyl, benzyl, 

diphenylmethyl, triphenylmethyl or p-nitrobenzyl. When the ester is an unbranched alkyl 
(e.g. methyl) ester deprotection may be effected under conditions of acid hydrolysis, for 
example uang l^drocMoric add. Tert-butyl and triphenyhnethyl ester groups may be 
removed under conditions of moderate acid hydrolysis^ for example using formic or 

1 5 trifluoroacetic acid at room temperature or using hydrochloric acid in acetic acid. Benzyl, 
diphenylmethyl and nitrobenzyl ester groups may be removed by hydrogenolysis in the 
presence of a metal catalyst (e.g. palladium). 

When a particular isomeric form of a compound of formula (I) is desired, for 
example where the compound is a quaternary ammonium salt, the required isomer may 

20 conveniently be separated using preparative high performance liquid chromatography 

(h.p.Lc.) applied to the final products of processes (AHG) above or applied prior to any 
final deprotection step in said processes. 



by treating said compounds of formula (IV) with hydrogen sulphide. The reaction may 



5 



Suitable carboxyl protection groups include, for example, those described in 



25 




conveniently be carried out in a solvent such as dimethylformamide or pyridine and in the 
presence of an organic base such as an amme (e.g. triethylamine). 



30 
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Unprotected compounds of fbnnula (111) may also be prepared from compounds of 
formula (IV) by removing the carboxyUc acid protecting group according to the 
method described in process (E) hereinabove. 

Compounds of formula (IV) in which ring -C- represents 



10 



15 



20 




may convemi 
ring -C- represents 



ently be prepared fiom corresponding compounds of formula (IV) in vrfiich 



by alkylation according to the method described in process (A) above. 
Compounds of formuhi 0[V) in which ring -B- represents 



and ring -C- represents 



N — • ^ 




m^ be prepared by reacting compounds of formula (V) 
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with compounds of formula (VI) 



(VI) 



10 



15 



20 



25 



under reducing conditions. 

Thus, for example, a mixture of compounds of formulae (V) and (VI) may be 
treated with a reducing agent such as a metal borohydride in the presence of a suitable 
acid and in a suitable solvent at about room temperature. The reduction may conveniently 
be carried out using sodium cyanoborohydride in a solvent such as an alcohol (e.g. 
methanol) in the presence of an acid (e.g. hydrochloric acid) and preferably also with 
molecular sieves. Alternatively, the reduction may be effected using sodium 
triacetoxyborohydride in a solvent such as tetrahydrofuran or dichloromethane in the 
presence of an add (e.g. acetic acid). 

Compounds of formiJa (VI) may be prepared from an N-protected (e.g. N-benzyl 
protected) piperidin-4-one, optionally substituted by C,^alkyl, by removal of the 
protecting group followed by treatment with a reagent HalCHR^COjR'' preferably in the 
presence of a suitable base such as an alkali metal carbonate or bicari^onate (e.g. 
potas^um carbonate) and in a soh^ent such as a nitrile (e.g. acetonitrile), conveniently at 
an elevated temperature (e.g. reflux). When the protecting group is an aralkyl group such 
as benz^ the removal of the protecting group may be efifected by faydrogenolysis in the 
presence of a suitable tranation metal catalyst such as a palladium catalyst (e.g. ?d(OH)^, 

Compounds of fornuila (iy) in which ring -B- represents^ 




..jj 21 — and ring -C- represents ^ N — 

V__/ 




30 



oi itr e-riT: rrtz ouccrr 
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may be prepared by reacting compounds of foimula (VII) 



OT^NH^^f-C*^"^ (VIII) 



in the presence of a base such as an alkafi or alkaline earth metal caib^ 
(e.g. sodium bicaibonate) and in a suitable solvent such as an aprotic polar solvent (e.g. 
dimethylfonnamide, acetonitrileordimethylsulphoxide). conveniently at an elevated 

temperature. 

15 Compounds of formula (Vm) may be prepared from compounds of fonnula (VI) by 

reacting said compounds of formula (VI) with a suitable piperazine derivative. optionaUy 
protected (eg. N^benzyl protected), under reducing conditions, for ejcample as described 
abovefor the reaction between compomids offormulae(V) and (VI), foUowed, where 
appropriate, by the removal of aiy N-protecting group present using conventional 

20 conditions, for example as described above. 

Confounds of formula (IV) in which ring -B-represents 



R* 




and nog «C* tepresents 
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may be prepared from compounds of formula (IX) 




(IX) 



by treating said compounds of formula (IX) with a reagoit HalCHR^COjR" under the 
conditions described above for preparing compounds of formula (VI). 

Compounds of formula (IX) may be prepared by reacting a compound of formula 
(Vn) with a compound of formula (X) 




under the conditions described above for preparing compoimds of formula (IV) from 
compounds of formula (VII). The compound of formula (X) in which R* is hydrogen is a 
known compound. Compounds of formula (X) w^ere is alkyl may be prepared by 
hydrogenation of compounds of formula (XI) 



20. 




Compounds of formula (XI) may be prepared by reacting a 4- halopyridine 
derivative with 4-pyiid^oronic add, preferably in the presence of a suitable transition 
metal catalyst such as a palladium catalyst [e.g. tetrakis(triphenylphosphine)paUadium(0)] 
and a suitable base such as an alkali metal carbonate (e.g. sodium carbonate). The 
reaction may conveniently be effected in a solvent such as an aqueous ether (e.g. aqueous 
1,2-etiianediol dimethyl ether). 



30 
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Compounds of feniiula(XII) above in whichR' is I^gen may be prepare 
compounds of fonnula (Xlii) 



underthe conditions described above for preparing compounds of fonnulaa) from 
compounds of formula (TV) via compounds of fennula (n). 

Compounds of formula (XII) in which R' is C,^alkyl or 2,2,2- trifluoroethyl may 
also be prepared from compounds of formula (Xni) under the conditions described in 

processes (C) or (D) above. 

Compounds of formula (XIII) may be prepared from compounds of formula (XIV) 




by treatment witfiareagentHalCHR«COJU'undertiie conditions described above for 
preparing compounds of foiniula (VI). except that the reaction is convenienUy effected in 
20 the absence of a base. 

Compounds of formula (XIV) in which ring -B- represents 



-N N — or 




^ may be prepared by reacting compounds of formda (V) witii a suitable 4-halopyridine in a 
solvent such as an alcohol (e.g. butanol). 
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Confounds of fonnula (XIV) in which ring -B- represents 




N 

\__y 

5 

may be prepared by reacting compounds of fonnula (VII) with compounds of formula 
(XV) 

r' 

HN N (' N (XV) 

10 WW 

under the conditions described above for the reaction between compounds of formulae 
(Vn) and (Vm). 

Compounds of formula (XV) may be prepared by reacting a suitable 4-haIopyridine 
with a suitable piperazine under the conditions described above for preparing compounds 
of fonnula (IV) from compounds of formula (Vn). 

Compounds of formula (V) in which ring -B- represents 




N ] 

w 



r' 



may be prepared by reacting a piperazine 



r' 



w 



with a compound of fonnula (VII) under basic conditions! Suitable bases include alkali or 
alkaline earth metal carbonates or bicarbonates such as sOdium bicarbonate or potassium 
carbonate. The reaction may conveniently be eflfected in a solvent such as 
dimethylfoimamide or dimethylsulphoxide at an elevated temperature (e.g. 100°-200''C). 
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Compounds of fonnola (V) in which ring -B- represents 




may be prepared from compounds of formula (XVI) 



// \\_// \ 




undersutobleredudngcondhions. Conveniendy. compounds offormula (XVI) are 
treated with ben2^ bromide in an alcoholic solvent (e.g. ethanoO or a halogenated 
hydrocarbon (e.g. dichloromethane) at an elevated temperature to provide a salt of 
formula (XVIQ 



A \ — ^t^ca^ Br (xwii) 




which is reduced, for example using a borohydride redudng agent such as sodium 
boroMride in a suitable solvent such as an alcohol (e.g. etfianol) or dimethylfonnamide 
or a nuxture of such solvents to a compound offormula (XVIII) 



4^ // 




Removal of the benzyl group and reduction of the double bond from a compound of 
formula (XVIII) provides the desired compounds offormula (V). The removal of the 
benzyl group may comreniently be eflfected by hydrogenotysis in the presence of a 
panadwm catalyst sudi as Pd(OH),-on-carbon. or by reaction with 1-chloroethyl 
cWoroformateinthepresenceofabase such as 'proton sponge' followed by treamient 
with methanol. The reduction of the double bond may conveniendy be effected by 



Ql inGTITI ITP QWPPT 
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hydrogenation in the presence of a platinum catalyst such as platinum-on-carbon or 
platinum oxide or a palladium catalyst such as palladhim hydroxide-on-carbon and 
optionally in the presence of an acid (e.g. hydrochloric acid). 
Compounds of formula (TV) in which ring -C- represents 




may be prepared from compounds of formula (Xm) by reduction and hydrogenation 
under the conditions described just id^ove for the reduction and hydrogenation of 
compounds of formulae (XVII) and (XVHI). 

Compounds of formula (XVI) may be prepared by converting compounds of 
formula (VIQ to the corresponding boronic acids of formula (XIX) 




under conventional conditions, and thereafter reacting said compounds of formula (XIX) 
with a4-halopyridine such as 4- bromopyridine under the conditions described above for 
2Q preparing compounds of formula (XI). 

Compounds of formula (XVI) may also be prepared by reacting an appropriate 
compound of formula (VH) in which Hal is a bromine atom witii a compound of formula 
(XX) 

N^""^ — B(OH)i {XX) 

under the boronic acid coupling conditions described previously. 

The compound of formula (XX) is a known compound described by W. J. 
Thompson et M- in J- Org. Chem., 1988, 53, 2052. 

Compounds of formula (VH) are either known compounds or may be prepared 
30 from tiie known compounds of formula (VII) using conventional chemistry. 
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Compounds of fonnula (T) or intermediates thereto in which ring -A- represents a 
C^all^l substituted phenyl group may conveniently be prepared by modification of the 
corresponding compound in which ring -A- represents a bromo substituted phenyl group. 
Thus, for example, the bromo substituted intermediate may be treated with a zinc reagent 
RZnBr (where R is C,^alM) in the presence of a palladium catalyst such as 
lcMoro[l,r-bis(diphenylphosphinoXeirocene]palladhm»ai)- ADqrlationmayalsobe 
effected usingatm reagent R,Sn(whereRisC,^alI^) in the presence ofapal^^^ 

catalyst such as bis (triphenylphosphine)benzyIpalladhim chloride. 
Compounds of formula (EV) in which ring -B- represents 



iium 



/ 



or 



V-/ 



and ring •C- rqiresents 




may also be prepared by treatmg a compound of fonnula (XXI) 




(XXI) 



widi areagentHjdCHR*CO^' under the conditions described above for preparing 

compounds of formula (VQ. 

Compounds of formula (XXI) nay be prepared by reacting compounds of formula 
(V) witii an N-protected piperidin^ne. optionally substituted by C,^alkyl. under 
redudng conditions (for example as described above for tiie reaction between compounds 
offormulae(V)and(VI)),foUowedbyremovingtiieN-protectinggroup. Suitable 

protecting groups include -CO^ (where Alk is an alkyl group such as t-butyl). or 
aralkyl, for example benzyl. The former protecting group maybe removed by acid 
hydrolysis (e.g. using trifluoroacetic add at about room temperature), tiie latter under tiie 
conditions described above for tiie removal of tiie benzyl group fiom compounds of 
formula (XVni). 



30 
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Compounds of fonnula (TV) in which ring -A- represents 



// W 




,nng-B- represents — n n — or 

V_7 



and ring -C- rqmsents 




10 



15 



20 



25 



may be prepared by treating a corresponding halo compound of fonnula (XXU) 



R 



CHDC^ (XXII) 



with a suitable inorganic nitrile such as sodium cyanide in the presence of a palladium 
catalyst [e.g. tetrakis(triphenylphosphine)palladium(0)]. The reaction may conveniently 
be effected in a solvent such as an aromatic hydrocarbon (e.g. toluene) and preferably in 
the presence of alumina at an elevated temperature. 

Compounds of fonnula (XXII) may be prepared by reacting a 2,5- dihalopyridine 
(e.g. 2,S*dibromopyridine) with a compound of fonnula (Vm) or a compound of fonnula 

PDan)r 



^ ^ ^W-fflOOgRP fxxiii) 

as appropriate. The reaction may conveniently be effected under the conditions described 
above for the reaction between compounds of formulae (VU) and (VUI). 
Compounds of formula (K) in which ring -A- represents 



-N 

\\ 
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convemently be prepared from compounds of fonnula (XXIV) 



10 



20 



may 



usingtheprocedure described abovefor preparing compounds of fonnula (IV) from 



Compounds of formula (XXIV) m^ be prepared by reacting a 2.5- dihalopyridine 
(e g. 2.5^iomopyridine) Tvith a compound of fonnula (X) under the conditions 
described above for the reaction between confounds of fommlae (VII) and (VIU). 
Compounds of fonnula (XIV) in which ring -A- represents 




and ring -B- represents 



15 i 



may be prepared from compounds of fonnula (XXV) 



usmg the procedure described above for preparing compounds of fonmila (IV) from 

compounds of fonnula (XXIQ. 
25 Compomidsoffonmda(XXV)maybeprepa«dbyreactinga2.5.dihalopyridine 

(e.g. 2.5.dibromopyridine) with a compomid of fonnula (XV) under the conditions 
described abovefor the reaction between compomidsoffonmilae(VII) and (Vm). 



30 
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Compounds of formula (V) in which ring -A- represents 

y N 

W 



and ring -B*- represents 




N H 

\__7 

may be prepared from compoxmds of formula (XXVI) 



10 J, 

HA e "^"^ N 'mH (XXVI) 

using the procedure described above for preparing compounds of formula (IV) from 
compounds of formula (XXD). 
1 5 Compounds of formula (XXVI) may be prepared by reacting a 2,5- dihalopyridine 

(e.g. 2,5-da)romopyridine) with a suitable piperaane derivative under the conditions 
described above for the reaction brtween compounds of formulae (VQ) and (Vm). 

Compounds of formula (XXIII) may be prepared by treating a compound of 
formula (X) with a reagent HalCHR'COjR'' under the conditions described above for 

20 preparing compounds of formula (VI). 

Compounds of formula (XVI) in which ring -A- represents 

/ N 




may conveiriently be prepared from compounds of formula (XXVII) 




by reacting said compounds with a suitable inorganic nitrile according to the method 
described above utilising compounds of formula (XXn). 
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Compounds offonnula (XXVII) may be prepared by reacting a 2.5- dihalopyiidine 
(e.g. 2,5-dibromopyridme) with a compound offonnula (300 under the boronic add 

coupling conditions described previously. 

Halopyiidines and dihalopyridines described above are known in the ait Alkyl 

5 substituted halopyridines are either known compounds described in Chem. Phann. BuU., 
1988, m 2244 and J. HeL ChenL, 1988. 25, 81 or may be prepared according to the 

methods described therdn. 

It win be appredated by those skiUed in the art that certain of the procedures 
described herdnabove for the preparation of compounds offonnula (I) or intennediates 
10 thereto may notbeappKcableto some of thepossftle combinations of rings and 
substituents. 

It will also be appredated by those skiUed in the art that for certain of the methods 
described herdnabovethe desired stereodiemistiy of the product may be obtained dther 
by commenting with an optical^ pure starting material or by resolving the racemic 
15 mixture at ai^ convenient stage in the syntheas. 

Resolution of the final product, an intennediate or a starting material may be 
eSected by m suitable method known in the art: see for example ^ Stereochemistiy of 
Carbon Compounds'byELElid^cGniwHill. 1962) and Tables ofResolving Agents' 

bySHWilen. 

20 Certainiiitennediatesdescribedabovearenovdcompounds,anditistobe 
midersto od that all novd intennediates herein fonn fiirther aspects of the present 
• invention. Compounds offonnula (IV) are key intennediates and represent aparticular 
aspect of the present invrndon. 

Convenientty, compounds offonnula (D are isolated foUowing work-up as add 

25 addition salts, e.g. trifluoroacetate salts. Physiologically acceptable add addition salts of 
the compounds offonnula (I) may be prepared from the corresponding trifluoroacetate 
salts by ecdiange of ion using conventional means, for example by neutraKsation of the 
trifluoroacetate salt usmg abase such as aqueous sodmm hydroxide, followed by addition 
of a suitable organic or inorganic add. Inorganic base safts of the compomids offonnula 
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(I) may also be prepared from the corresponding trifluoroacetate salts by addition of a 

suitable strong base such as sodium hydride. 

Solvates (e.g. hydrates) of a compound of formula (I) may be formed during the 

woric-up procedure of one of the aforementioned process steps. 
5 The following Preparations and Examples illustrate the invention but do not limit 

the invention in any way. AU tempo^tures are in "C. Thin layer chromatography (T i c.) 

was carried out on alica plates. System A is dichloromethane-ethanol- 0.880 ammonia. 

System B is dichlorom^hane-methanol - 0.880 anunonia. Preparative high performance 

liquid chromatography (h.p.l.c.) was carried out using a Dynamax 60A C18 SjiM 25cm x 
10 41 .4mm i.d. column eluted with a mbrture of solvents (i) 0. 1% trifluoroacetic add in 

water and (u) 0.05% trifluoroacetic acid in acetonitrile. Analytical h.p.l.c. was carried out 

using a Dynamax 60A C18 8nM 25cm x 4.6mm i.d. column using eluants as for 

preparative h.p.l.c. 

15 Intermediate 1 

4-Piperidinone hydrochloride 

N-Ben2yl-4-piperidone (lOg) was dissolved in absolute ethanol (1 00ml), treated . 

with dilute hydrochloric acid (2N; 29ml) and hydrogenated at room temperature and 

pressure ova- Pearimann's catatyst (Ig) for 18h. The catalyst was removed by filtering 
20 through "hyflo" and the solvent vras removed mJOIsys to leave the titf? winp9"»d 

(8.59g). 

T.Lc. SiOj (System B 95:5:0.5) Rf 0.33. 

Intermediate 2 
25 1 - 1 -Dimethvlethvl 4-oxo- 1 -ptperidineacetate 

Intermediate 1 (8.5g) was suspended in acetonitrile (100ml) and treated with tert. 
butyl 2-bromoacetate (1 1.1ml) and potassium cari)onate (17.3g). The mbrture was heated 
under reflux for 24h. The solvem was removed in vacuo and the residue partitioned 
between water (250ml) and ethyl acetate (3x250ml). The organic layers were washed 

30 
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wWi brine (lOOml). dried (MgSOJ, and evaporated ia^ajaia to leave the titig cqmpwn^i 

(12.1g)asayeIIofwoiL 

T.I.C. SiO, (System B 95:5:0^ Rf 0.65. 
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5 y^Tt^ediate3 

-P^rff"^'^^en«>nitrile 
4-CWorobenzonitrile (16.5^ was heated at 180" with piperazine (31g) and sodium 
cari>onate (26.1g) in dimethyisulphoxide (SOOral) with stirring under nitrogen for 20h. 
Themixturewaspouredintowater(I.21)andextractedwithdilorofoim(^^ The 
10 organic layers were washed with water, dried C^gSOJ and evaporated to give the |We 
compound as a yeUow oil (23.6g). 
Tic. SiOj (System A 83.5:15:1.5) Rf 0.55. 

Tntermediate4 

15 T , 1 .nimethvlethYt A.\AU/U:mnov hmH) 1 rf|'™«Yl-l- piperidineacetate 
A solution of Intermediate 3 (3g) in methanol (100ml) was treated with 
Intermediate 2 (6.84g). IM hydrogen chloride in ethanol (5ml) and 3 molecular sieves 
(~2.5g). Sodium cyanoborohydride (1.06g) was added and the mixture was stirred at 
room temperature for 48h. The solvent was removed ULvmQ and the residual solid was 

20 partitioned between water(25mO and dichloromethane(150ml)andfiltered. The layers . 
of the filtrate were separated and the aqueous layer octracted with dichloromethane 
(3xl00ml). •niecombinedorganiclayerswerewashedwithbrine(100ml), dried 
(MgSOJ, filtered and evaporated iiuscyfi to leave a yellow dl. Purification by "flash- 
column chromatography using Merck 9385 siUca gel and ehjtingwith Systems (96.4:0.4) 

25 gave the f^a compound (5.46g) as a white solid. 

Analytical h.p.l.c. (gradient profile 10-90% Oi) in 25rain) 1 1.2min. 



Tntermediate 5 
f4-Cvanopb ft"Yl)horomc add 
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A solution of n-butyllithium in hexane (1.58M; 383ml) was added dropwise, at ca. 
-100° under nitrogen to a stirred solution of 4- bromobenzonitrile (lOOg) in freshly 
distilled tetrahydrofiiran (1 .9L). Addition was complete in SOmin and the temperature 
was maintained at ca. -100^ for ISmin before triisopropylborate (140ml) was added 
5 dropwise between -97° and -96° Addition was complete in Ih and stirring was continued 
at ca. -97° for 2.5h. The mixture was allowed to warm to -10° and hydrochloric acid 
(2M; 352ml) was added dropwise over lOmin. The reaction mixture was poured into 
water (11) and the layers were separated. The organic layer was washed with water (11) 
and saturated brine (11), dried (MgSOJ, filtered and concentrated to give the title 
1 0 compound (60.0g) as a white solid. 

. N.m.r. (5, D^-DMSO) : 7.82, 7.96 (4H,AA'BBV aromatics), 8.45 (2H,br.s, OH). 

Intermediate 6 
4-f4-Pvridvnbenzonitrile 

. 15 A mfarture of Intermediate 5 (6g), 4-bromopyridine hydrochloride (9.93g), sodium 

carbonate (1 8g) and tetrakis(triphenylphosphine)palladium (0) (2.36g) in a mixture of . 
water (70ml) and 1,2-ethanediol, dimethyl ether (140ml) was heated at reflux, under 
nitrogen, for 20h. The reaction mbcture was allowed to cool to room temperature and 
was concentrated in vacuo . The residue was partitioned between water (300ml) and ethyl 

20 acetate (360mi). The aqueous fraction was extrarted with ethyl acetate (300ml) and the 
combined organic fractions were washed with water (300ml) and saturated brine (300ml), 
dried (MgSOJ, filtered and concentrated in vacuo to give an off-white solid. Purification 
by diy column "flash' chromatography using silica gel (Merck 7736) during initially with 
dichloromethane and finally with System A (96:4:0.4) gave the title compound (3.47g) as 

25 a colourless soBd: 



T.lc. SiOj (System A 95:5:0.5) Rf 0.5. 



Intermediate 7 

4>r4-Cvanoph envlVl Dhenvlmethvnpvridinium bromide 
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(a) AiraxtiireofIntennediate6 (7.62g) and benzyl bromide (5.6inl) in absolute 
ethanol(200nj0 was heated at reflux under nitrogen for 4 days. A further quantity of 
benzyl bromide (1 .4niO was added and the reaction was heated at reflux for a fiirther 20h. 
The reaction mixture was allowed to cool to room temperature and the sohrent was 
5 removed myagio. The residue was triturated with a mixture ofhexane and etlqrl acetate 
(3:1; 200ml) to give the ti'tle compound ( 12.5fi) as a Kght brown solid. 
N^. (5. D^DMSO) : 5.9 (2H,s. ffiPh). 7.4-7.7 (5H.m. CH^, 8.16, 8.27, 8.H 9.38 
(8H,2xAAlBB', aromatics). 

10 (b) A mixture of Intermediate 6 (8.41g) and benzyl bromide (7.7ml) in diy 

dicWoromethane(80ml)washeatedatrefluxundernhrogen&r5h. Themixturewas 

allowed to cool to room temperature and the solvent was removed injacufi. The soUd 
residue was triturated m a mixture of hexane (100ml) and ethyl acetate (lOml). The soUd 
was filtered off and washed with hexane (200ml) to give the title compound (13.6g) as a 

15 colourless solid. 

N.m.r. (5. D,-DMSO) : 5.9 (2H,s;fflPh). 7.4-7.7 (SH^CHm 816. 8.27. 8.64, 9.38 

(8H,2xAA'BB'; aromatics). 

Tntermediate 8 

20 4-p -n>henvhP «^vlV4-pioeri>f itiyribenzonitrile 

A sohition of Intermediate 7 (12.4g) in a mixture of absolute ethanol (250ml) and 
diydimetlqrlfi)rmamide(50ml)wascooledto£a.0»undernitrogen. Sodhimborohydride 
(2.68g) was added portionwise over lOmin. The temperature was maintained at a. O" for 
afiirtherl5min. The reaction mixture was aUowed to warm to room temperature and 

25 stirring was continued undernitrogen&rlSh. The solvent was removed invacuo, the 
black residue was pre-adsorbed onto silica gel (Merck 7734) and filtered through a 
column of silica gd O^erck 9385) eluting with System A (98:2:0.2), and the solvents 
evaporatedtogiveabrownoa. This oil was hydrogemited in absohite ethanol (250ml) 
with 20% palladium hydroxide on carbon (1 : 1 paste with water. 2g) at room temperamre 
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arid pressure for 36h. The reaction mixture was filtered through hyflo, and the solvent 
was removed in vacuo to give a brown oil. Purification by dry column 'flash* 
chromatography using silica gel (Merck 7736) eluting with 

hexane:dichloromethane:ethanol:0.880 ammonia (100:50: 1 :0. 1 and 50:50: 1 :0. 1) gave the 
5 title compound as a yellow oil (4.5g). 
T lx. SiOj (System A 98:2:0.2) Rf 0.75. 

Intermediate 9 
4-<4-Piperidinyl)benzonitrile 

10 (a) A solution of Intermediate 8 (1 . 13g) and 2M aqueous hydrochloric add (2ml) in 

absolute ethanol (150ml) was hydrogenated over 20% paUadium hydroxide on carbon 
(1:1 paste with water; 285mg) at room temperature and pressure for 21h. The nuxture 
was filtered through hyflo, the solvent removed in vacuo and the solid residue partitioned 
between ethyl acetate (lOOmi) and sodium carbonate (2N; 100ml). The aqueous fi-action 

15 was extracted with ethyl acetate (lOOml) and the combined organic fi-actions were washed 
with brine (5QnilX dried (MgSO^), filtered and concentrated in vacuo to give the titie 
compound (547mg) as a colourless oil. 
T.I.C. SiOj (System A 95:5:0.5), Rf 0.1. 

20 - (b)A solutionofIntermediate 8 (4^6g)and l,8-bis(dimethylaniino)naph^ 

(0.36g) in dry 1,2-dichloroethane (80ml) was cooled to ca. 0^ and treated during 5 min. 
with Ir chloroethylchloroformate (5.4ml). The reaction mbcture was heated at reflux 
under mtrogen for 4h, cooled to room temperature, and concentrated in vacuo . Methanol 
(80ml) was added and the mbcture was heated at reflux for 4h. The reaction was cooled 

25 to room temperature and the solvent was removed in vacuo . The residue was partitioned 
between ethyl acetate (200ml) and sodium carbonate (2N; 200ml). The aqueous fi-action 
was extraaed with ethyl acetate (200ml) and the combined organic fi-actions were washed 
with saturated brine (500ml), dried (MgSOJ, filtered and concentrated in vacuo to give a 
red solid. Purification by 'flash' column chromatography using silica gel (Merck 9385) 
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during with System A (95:5:0 J and 90:10: 1) gave the tifl££QiHESHnjl (1.49g) as a pale 
brown solid. 

Tic. SiOj(SystemA98:2:0.2)Rf 0.2. 



20 



Tntftmnediate 10 
1 l-nimethvlfithvl 4-\A-\ 




1-pipenc 

Intermediate 4 (Ig) was dissolved in dimethylfotmamide (60ml) and treated wrth 
trietMamine(1.09ml>. Hydrogen sulphide gas was bubbled through the solution for 
10 20minbefi,retheflaskwasstoppereda«dstirredatroomtemperaturefor3 days. The 
irixture was poured into 2N sodwm carbonate (250ml) and extracted with 
dichloromethane(3x300ml). The combined organic layers were washed with brine/water 
(1:1) (4x300mD and brine (250ml). dried (MgSOJ, and evaporatedhussifi to givethe 
♦itl ^ compound as aydlow solid (630mg). 
15 Analytical h.p J.c (gradient proffle 10-90% Cu) in 25 min.) 10.3min. 

TntermecOate 11 

^ ^ pj^^K^,u.K^A. r4-rph«nvlmethvIVl-pipen»2inYl1-hpf^^^^^^ 

l-Benzylpiperazine (8.56g) and Intermediate 2 (10.3g) in methanol (300ml) were 
treatedwithlMMrogenchloridemethanol(50ml)and3molecular«^ The 
rmmevm stirred at room temperature and sodium cyanoborohydride (3.1g) added 
portionwiseoverSmm. The mixture was stirred at 21« for 40h, filtered through hyflo and 
evaporatediuacuft. The residue was partitioned between water (150ml) and eti^ 
acetate(200ml)andtheorgamcphasedried(Na^O^andevaporatediiL^ The 
25 residuewaspurifiedbyflashchromatographyoversiUcagel0^ck9385)witiiSystemB 

(95-5:0.2) as eluant to afford tiie titlecQSiESund as a colourless crystalline soUd (7.80g). 
TJ.C. SiOj (Systems 89:10:1) Rf 0.4. 



Tntftrmetfiate 12 
30 n.nim^thvlethv 'Ml-rr««^^^-^^"""'<^'"^^ 
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Intermediate 1 1 (7.29g) was dissolved in ethanol (200ml) and IM hydrogen 
chloride in ethanol (4Sml) added followed by water (10ml). The solution was added to 
pre-hydrogenated 20% palladium hydroxide on carbon (3. Ig) in ethanol (SOml) and 
hydrogenated at room temperature and pressure for 24h (uptake 440ml). The mixture 

5 was filtered through hyflo and ev^orated in vacuo . The residue in water (SOml) was 
basified with 2M sodium carbonate to pH>l 1 and the water removed in vacuo . The 
residue was triturated with chloroform* methanol (1:1, 200ml) and the filtrate evaporated 
in vacuo . The residue was taken up in chloroform (100ml), filtered again and evaporated 
in vacuo to afford the title compound as a colourless solid (5.6g). 

10 T.I.C. Si02(System A29:10:l)Rf0.23. 

Intermediate 13 

Ll-Dimethvlethvl 4-r4 -f6-cvano>3>DvridinvlVl-DiDerazinvlVl- piperidineacetate 



15 dimethylsulphoxide (60ml) and water (1 0ml), sodium bicarbonate (0.5g) was added, and 
the solution was stirred at 120° for 17h under nitrogen. The mixture was poured into 
ethyl acetate (250ml), washed with water (3x50ml) and brine (50ml), dried (Na^SOJ and 
ev^orated in vacuo . The re»due was purified by flash chromatography over silica 
(Merck 9385) with dichloromethane-ethyl acetate (9:1) eluant to remove starting 

20 material. Further elution with System B (95:5:0.5) afibrded the title compound as a 
colourless solid (407mg). 
T.I.C. SiO, (System B 90: 10: 1) Rf 0.4. 

Intermediate 14 

25 Ll-Dimethvlet hvl 4^r4-r64aminothioxomethvl)-3>pvridinYlM- 
piperazinvll-l-piperidineacetate 

Intermediate 13 (401mg) was dissolved in dimethylfonmamide (50ml) and 
triethylamine (5ml) and hydrogen sulphide gas was passed through for 0.5h. The dark 
green solution was stirred at 21° for 2 days then poured into 2M sodium carbonate 

30 (100ml) and ethyl acetate (150ml). The mixture was filtered and the aqueous phase 



2-Cyano-5-bromopyridine (l.Og) and Intermediate 12 (1.08g) were dissolved in 
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fittther extracted with ethyl acetate (lOOml). The combined ethyl acetate octracts wer 
washed iwith water (3x50ml) and brine (SOnd). dried (Na,SOJ and evaporated mvaai 
Theresidue was triturated ivithhexane^er (3:1, 20ml) to afford the title compound 

yellow solid (145mg>. 
5 Tic. SiOj (System B 90:10:1) Rf 0 A 



Intermediate IS 

ii-p-Mft^h yT-r-piDe "^nYl)henzonitrile 

A mixture of 4-fluorobenzonarile (6.06g), 2.methylpiperazine (5.0g) and potassium 
10 caibonate(6.93g)indiydimetlvlfiHmamide(50ml)washeatedat 100«for2h. The 
cooled suspension was poured into water (200ml) and dietlQ^I ether (10^^^ The 
aqueousphasewasoctractedwithether(5x50m0. The combined ethereal extracts were 
dried (Na,SO^ and evaporated to an oiL Purification by flash chromatogiaplqr on siUca 
gel (Merck 9385) using System A (100:8:1) as eluant gave the title ppmppund as a dear 

15 oiI(5.75g). 

Tic. SiO, (System A 100:8:1) Rf 0.25. 



Tntermediate 16 

20 Acetyl chloride (0.796g) was added cautiously to dry methanol (50ml). To the 

sohition were added Intermediate 2 (2.34g) and Intermediate 15 (2.0g) in methanol 
(lOmI). Activated 3 molecular sieves (lOg) were added and the suspension was stirred at 
roomtemperatureforlh. Sodhimcyanoborohydride(0.63g) was added cautiously and 
themixturewasstirredatroomtemperaturefor24h. A second portion of sodium 
cyanoborohydride (0.063g) was added and the mixture was stirred for a fiirther 18h. The 
suspension was filtered through "hyflo" and the filtrate was evaporated under reduced 
pressure. The residue was partitioned between ethyl acetate (100ml) and 8% sodium 
bicari»onate (100ml). The aqueous phase was extracted with ethyl acetate (50ml). 
Evaporation of the dried (NdgSO J organic extracts gave an oU which was 
chromatographed on siHca gd (Merck 9385) using System A (400:8:0.5) as eluant. 



25 
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Appropriate duates were collected and rechromatographed on silica (Merck 9385) using 
ethyl acetate-methanol (19: 1) as duant to give the title compound as a white solid 
(0.53g). 

T.Lc. SiOj (ethyl acetate-methanol 19:1) Rf 0.24. 

5 

Intermediate 17 

1 l-nimethvlethvl 4.r4- r4^aminothioxomethvl^henvn.2-methvl-l- 

piperazinvll-1 -piperidineacetate 

Intermediate 16 (543mg) was dissolved in dimethylformamide (80ml)-triethylamine 
10 (Sml) and hydrogen sulphide gas passed through for 0.5h. The dark green solution was 

stirred at 21** for 65h and then most of the dimethylformamide was removed in vacuo. 

The residue was partitioned between 2M sodium caibonate (100ml) and ethyl ac^te 

(200mO. The mixture was filtered and the organic layer of the filtrate dried (Na,S04) an<|^ 

evaporated in vacuo . The re»due was triturated vwth hexane-ether (2: 1, 25ml) to afford 
15 the title compound as a yellow solid (540mg). 

T.Lc. SiOj (System B 89:10:1) Rf 0.33. 

Intermediate 18 

4-ff4.4'-Bipipe riditiV1-vnbenzonitrile 
20 4,4 -Biptperidine dihydrochloride (3 .2g) was dissolved in dimethylsulphoxide 

(80ml), potasnum carbonate (S.Og) added and the mixture heated at ISO** for 20niin. 

4-Fluorobenzonitrile (0.93g) was added and the mixture stirred at 130* under nitrogen for 

16h. The mixture was cooled, ethyl acetate (250ml) added and the mixture filtered 

through hyflo. Water (200ml) was added and the organic phase separated. The aqueous 
25 phase was re-extracted with ethyl acetate (100ml) and the combined extracts washed with 

water (2xl00ml) and brine (50ml), dried (NajSOJ and evaporated in vacuo to afford the 

title compound as a colourless solid (1.17g). 

T.I.C. SiOj (System A 29: 10: 1) Rf 0.20. 

30 Intermediate 19 
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T , t-nimethvlethvl l'.f4-cvanoohenv1 )r4,4'-bipiperidme1-l-acetate 

Intermediate 18 (1.17^ in dimethylfonnamide (SOml) was treated with potassium 
caibonate (Ug) and ^-butyl bromoacetate (0.8ml) and the mixture heated at 100" for 
16h. Most of the dimetl^iformamide was removed in vacuo and the residue partitioned 
5 between etlqrl acetate (150ml) and water (100ml). The organic phase was dried (Na^SO^ 
and evaporated in vacuo. The residue in dichloromethane (15ml) was filtered and 
evaporated in vacuo to give the fttle compound as a colourless solid (749mg). 
T.Lc. SiOj doped with triethylanrine (hexane-ethyl acetate 1:1) Rf 0.24. 



10 Tntennediate20 

1 i-nmit»fhvfethvl lLr4-ratTiinQthicm>i "'f^ )r ^' ^ir^4Lbipiperidine1-l-acrt^ 

Intermediate 19 (745mg) in dimetlqrlfoimamide (80ml) was treated with 
triethylamine (5ml) and hydrogen sulphide gas passed through for 30mm. The solution 
■ was stirred at 21* for 65h and the solvent evaporated iiusaitt. The residue was 
15 partitioned between etM acetate (200ml) and 2M sodium carbonate (lOOml) and filtered. 
The filtered solid was heated under reflux with methanol (SOml) for O.Sh, cooled and 
filtered. The filtrate and ethyl acetate portion (above) were combined, dried (Na^SO^ 
andevaporated&LSasifi. Triturationwithhexane-ether(l:l,20ml)aflBardedtheMflS 
compound (437mg). 

20 T.Lc. SiOj doped with triethylamine (dichloromethane-methanol 9:1) Rf 0.5. 

1 ^■nttni^hvfetfivl4-r4 -«»mophtBivnrT 4M>roberidine1-V-acet9te 

A mixture of Intermediate 9 (1.49^, Intermediate 2 (1.88g), acetyl chloride (142^1) 

25 and activated 3 molecular sieves (7.3g) in dry methanol (SOml) was stirred atroom 

temperature under nitrogen for 18h. Sodmm cyanoborol^dride (0.51g) was added and 
the reaction mature was stirred at room temperature under nitrogen for 22h. The 
mixture was fihered througji hyflo and the solvent was removed in vacuo . The residue 
was partitioned between ethyl acetate (150ml) and sodium bicaAonate (150ml). The 

3 0 aqueous fiaction was extracted with ethyl acetate (1 50ml) and the combined organic 
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fracdons woe washed with brine (200inl), dried (MgSOJ, filtered and concentrated in 
vacuo to give a red oil. Purification by 'flash' column chromatography using silica gel 
(Sorbsil C60, 20-40^M) eluting with System A (98:2:0.2 and 97:3:0.3) gave the titte 
compound (0.424g) as a colourless solid. 
5 T.LcSiOj (System A 98:2:0.2) Rf 0.35. 

fatennediate22 

T 1-Dimethvlethvl 4-r4«faminothioxomethvnphenvliri.4'- bipiperidinel-l'-acetate 



Hydrogen sulphide gas was bubbled through a solution of Intermediate 21 (0.420g) 



10 and triethylamine (5ml) in dry pyridine (25ml) for 30min. The reaction mixture was 

stirred at room temperature for 18h. The solvent was removed in vacuo and the residue 
triturated with hexane:diethyl ether (3 : 1) to give, after filtration, the title compound 



Intermediate 23 

3-Bromo-4-(l-piperazinvnbenzonitrile 

3-BTomo-4-fluorobenzonitrile (20.0g) was heated at 120" with piperazine (25.8g) 
and socGum cubonate (21 .2g) in dimethylsulphoxide (256ml) with stirring under nitrogen 
20 fijr 15h. The cooled mbcture was poured into water (1 litre) and extracted with 

dichloromethane (SxSOOml). The organic layers were washed with water (3x500ml), 
dried O^dgSOJ and evaporated to give the title compound as a yellow solid (26.6g). 
T.Lc. SiOj (System A 95:5:0.5) Rf 0.15. 

25 Intermediate 24 ..... 

1. 1-Dimethvlethvl 4-r4-f2-bromo-4-cvanophe nylV1-piperazinvll-l- pioeridineacetate 

A solution of Intermediate 2 (lO.Og) in methanol (130ml) was treated with acetyl 

chloride (942mg) foUowed by Intermediate 23 (12.5g). 3 A molecular sieves (4g) were 

added foUowed by sodium cyanoborohydride (2.95g) and the mixture stirred at room 

30 temperature for 18h. The reaction mixture was filtered and the filter cake washed with 



(0.3 17g) as a pale ydlow solid. 

T.I.C. SiOj (System B 90:10:1) Rf 0.15. 



15 
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„etf«nol(50nJ). T^effltra«v«^co,«»n«n«dBJBHlto«ive.bu£F»IM«hcb»^ 
p,rtSo«dbetweenea^lacmte(200«d)and8y.sodiumbte*<»«^ TIk 
„q^«a«B™edrirf(Na^OAco.«ertmedon«.siH«(Merck938^ 

a„BS^drtd»dlva«Achro».togn9l5r d»*g«ith SystemB (97:3:03) as a 

5 yellow solid (4.18g). 

Analytical Lplc. (gradiem proffle 10-90% Cii) in 25nrin) R, 12.9 

Tiitftrmedlate2S 

10 «;pP«.Tinvn-l^iT)eridiiieacetate 

I„termediate24(lg) was dissolved inpyridine(50nJ)«^^ 
(0.9ml). Hydrogen sulpMdegaswasbubbledthroughthesolutionfor25nunbef^^ 

flask was stoppered and stirred at room tempetature for 24h. 

T,,e solvent was removeduD^toleaveayeUow oil wWch was trit^ 

15 etfier/heme (1:1) to leave the titlecomEoimd as ayeUow solid (1.05g). 
AnalyticalLplc. (gradient profile 10.90»/. Cri>m25niin) R, 12^ min. 



30 



TntermediateM 

1 i-n;n,.thvlethvl A-rA-(^nn-2.mttbf1phfflVlVT-piperazinYlH- ] 



20 ^Ttnrftaretate salt 

Intermediate 24 (Ig) was suspended in l,3^etiiyl-3,4,5,6- 
tetrahydro.2(lH)-pyrimidinone(40ml)andwastreatedwithtet^ 
tetralds(tiiphe«vlphosphine)palladium(0)(250mg)^ The mbcture was heated at 65« for 
18h.pouredintowaterande.tractedwithdicWorometi«ne(^^^^ The organic layer 

25 was washed with water (4xl50ml). dried (MgSOJ. filtered and evaporated » to 
leaveayeUow oil wMchwaspurifiedbypreparativeLplc. (gradient profilel0.35o/.(u) 

inl2minand35o/„Cu0isochraticfor6min)togiveafterR,17.0miatheJi^^ 
as a white solid (395mg). 

Analytical h.p.l.c.(gradient profile 10-90% Oi) m25min) R,123niin. 
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Intermediate 27 

1 ■ 1 >Dimethvlethyl 4«f 4-['4>(aminothioxomethvl V2-niethvlphenvl]« 1 - 
piperazinvll-l-piperidineacetate trifluoroacetate salt 

Intennediate 26 (395mg) was dissolved in pyridine (20ml), treated with 
5 triethylamine (0.37nil) and hydrogen sulphide gas was bubbled through the solution for 
20niin. The flask was stoppered and stirred at room temperature for 24h. The solvent 
was removed in vacuo to leave the title compound as an orange gum (S40mg). 
Analytical h.p J.c. (gradient profile 10-90% (ii) in 25min) 1 1 .7min. 

10 Intermediate 28 

1.1-Dimethvleriivl 4-oxo-l-piperidinecarfaoxvlate 

A mbcture of 4-piperidone monohydrate hydrochloride (2Sg) and 
dimethylaminopyridine (2g) in acetonitrile (SOOml) and triethylamine (100ml) was cooled^ 
in an ice-bath and treated with di-tertiary butyl dicarbonate (35.5g). The mfacture was 

15 stirred at room temperature under nitrogen overnight. The acetonitrile was removed in 
vacuo and the residue partitioned between ethyl acetate (400ml) and IN hydrochloric acid 
(400ml). The aqueous layer was extracted with etiiyl acetate (2x200ml). The combined 
ethyl acetate extracts were washed with brine (400mlX dried (MgSOJ and evaporated in 
vacuo to afford the titie compound as a white crystalline solid (1 5.9g). 

20 T.I.C. SiOj (hexane-ethyl acetate 1:1) Rf 0.4. 

Intermediate 29 

1-1-Dimethvlethvl 4-r4-(4-cvanophenvlVl-piperazinvn>l> piperidinecarboxvlate 
A solution of Intermediate 28 (15.9g) and Intermediate 3 (14.95g) in dry 

25 tetrahydrofiuan (SOOml) was treated with glacial acetic acid (4:6ml) and sodium 
triacetoxyborohydride (22g). The reaction was stirred at room temperature under 
nitrogen for 4.5h. The mbcture was concentrated in vacuo and the residue partitioned 
between 2N sodium carbonate (SOOml) and ethyl acetate (SOOml). The aqueous layer was 
extracted with ethyl acetate (2x500ml). The combined organic extracts were washed with 

30 brine (750ml) and the solvent removed in vacuo to aflford an oflF-white solid. Purification 
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by flash chromatography on sOica gel (Merck 9385) duting with 
dichloromethane-methanol (100:1) containing 2% trietlgrlainine gave the title compound 

as a white solid (mg). 

Tic. SiOj (Systems 90:10:1) Rf 0.67. 

Tntermediate 30 

^p4-f4-Piperidtnv1V1-piDera7 iTivl1henzomtrilfttrifluoroacgtatgsa^ 

Intennediate 29 (17.3g) was stirred in trifluoroacetic add (100ml) and distifled 
water (10ml) at room temperature under nitrogen for 4.25h. The reaction was 
concentratedm^agifiandtheresiduepurifiedbytriturationwithrt^^^^ Theresulting 
white sofid was filtered off and dried to afford the titte compound . ( 24.0g). 
AnalysisFound: C.44.6;H.4.62;N.9.69; 
C.,^..2.6C^30.requires: 0,44.9; H,4J7:N,9.88%. 



15 



20 



25 



Tntermediate 31 

ptk yl d-f4^4-cn«r > T''''"^^-"""^'"v"-"-"^^^-^- P'Peridineacetate 

A mixture of Intennediate 30 (6g), ethyl.24)romopropionate (1.5ml) and potassium 
carbonate (5.88g) in acetonitrile (150ml) was heated under reflux, under nitrogen, for 5h. 
The acetonitrile was removed in vacuo and the residue partitioned between ethyl acetate 
(200ml) and water (200ml). The aqueous phase was extracted with ethyl acetate 
(2xl50ml) and the combined organic extracts were washed (water, brine), dried (Na,SOJ 
and evaporatedmafiuato give thetitteCTntp9w4asayeUowoa which slowly 

ciystaOised (4.0g). 

Tic SiOj (System A 95:5:0 J) Rf 0.27. 
Intermediate 32 

Fthvl A-f4-r4^am^«'^tMnvnm^thvnph ^» Yn-^-rT^"^"v"-^-^ 

Hydrogen sulphidegas was passed into a solution of Intennediate 31 (4g) and 
trieth^amine (10ml) in pyridine (70ml) for 3 Omin. The vessel was then stoppered and the 
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mixture stirred at room temperature for 3 days. The pyridine was removed in vacuo and 
the residue triturated with ether (150ml) to give the title compound as a yellow powder 

(3.05g). 

Tic. SiOj (System A 95:5:0.5) Rf 0,05. 

5 

Intermediate 33 

d5^[4-[3-Methvl>l-(phenvhnethvlV4>piDeridinvlVl>piDeraz^ 

Intermediate 3 (6.22g) was stirred at room temperature under nitrogen with 
l-benzyl-3-methyl-4-piperidone (6.83g) and sodium triacetoxyborohydride (9.2g) in dry 

10 dichloromethane (150ml) containing glacial acetic acid (5.67ml) for 19h. The mixture was 
heated under reflux for 21h, cooled, and treated with 8% aqueous sodium bicarbonate . 
(150ml). The aqueous layer was extracted with dichloromethane (2 x 70ml), and the 
organic layers were washed with 8% aqueous NaHCO, (lOOml) and water (lOOml), drie^ 
(MgSOJ and evaporated to give the title compound as a cream solid (1 1 .7g). 

15 Tic. SiOj (System A, 95:5:0.5) Rf 0.7. 

Intermediate 34 

cis^f443>methvl-4>piperidinvlVl-pipera 2invl1benzonitrile 

Intermediate 33 (1 1 .3g) was heated under reflux with I- chloroethyl chloroformate 

20 .(6.S2ml) in 1,2-dichloroethane (300ml) with stirring under nitrogen for 2h. Methanol 
(80ml) was added, and heating under reflux was continued for Ih. The solvents were 
evaporated and the residue triturated with dry ether (3 x 80ml) filtered oflf and dried 
(8.71g). Trituration with hot ethanol (200ml), followed by cooling, filtration and drying of 
the residue gave the title compound as a white solid (5.25g). 

25 Tic. SiOj (System A, 78:20:2) Rf 0.2. 

Intermediate 35 

ds-l.l-Dimethvlethvl 4-r4-r4-cvanophenvlVl-piperazinvll-3-methvl- 1-piperidine acetate 
Intermediate 34 (2,0g) was heated under reflux with t-butyl bromoacetate (1 .03ml) 
30 and anhydrous potassium carbonate (1 .47g) in dry acetonitrile (50ml) with stirring under 
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10 



15 



nitrogen for 18h. The solvent was evaporated and the residue partWoned between ethyl 
acetate (3 x SOml) and water (100ml); the organic layers were washed with brine, dried 
(MgSO^) and esvaporatedto give the tifl? compound as a Ught brown soHd (1.9g). 
Tic. SiOj (System A, 89:10:1) Rf 0.9. 

Ttitenne<Kate_36 

1 -(S-Bromf*-'?-pvridinvl> r«r'*"^'"'*- 

Amiaitre of 2.5wiibromopyridine (llJg). piperazine (8.5g) potassium carbonate 
(6.9g) and dimettylsu^hoxide (lOOmQ was heated at 140" with stirring mider nitrogen for 
24h. EtM acetate (400ml) was added and the mature washed with water (3 x 1 5 Oral), 
brine (100ml), dried (Na^OJ and evaporated SLSiaia- The residue was purified by 
column chromatography using silica gd (Merck 9385) eluting with System B (70:30:1) to 
give the title compound as a colourless solid (7.64g). 
Melting point: 72-74°C. 



intermediate 37 

fi^^ .1>^^w-nylV?-pY"f<'T'ecarf>°Mtrfle 

Intenne(fiate 36 (2g) was heated at 180" with copper (1) cyanide (1.79g) in 
N-metltyl -2.pyiroUdinone (6ml) for 24h. Ammonia solution (20ml) was added and the 
20 mixture extracted with ethyl acetate (3x50ml). The combined, organic extracts were 
washed with water (2xl00ml) and brine (2xl00ml), dried (MgSO^ and evaporated in 
vacuo. TheresiduewaspurifiedbyflashcolumnchromatographyusingsiUcagel(Merck 

93 85) ehiting with System A, 94:6:0.6 to give the title impound asacream soUd 

(0.330g). 

25 T.Lc. (System A, 90:10:1) Rf 0.45 
Intermediate 38 

mtermediate 37 (0.131g). Intermediate 2 (0.35g), acetic acid (0.1ml) and sodium 
30 triacetoxyborol^dride (0.35g) in tetrahydrofiiran (15ml) were stirred at room temperature 

CI iPQTm !T?= .CiWP~ 
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under nitrogen for 1 8h. The solvent was evaporated in vacuo and the residue partitioned 
between ethyl acetate (50ml) and sodium carbonate solution (2N, 10ml). The organic 
layer was dried (MgSOJ, evaporated in vacuo and the residue purified by column 
chromotography on silica gel (Merck 9385), eluting with System A 96:4:0.4, to give the 
5 title compound as a cream solid (0,39g) 
T.I.C. (System A, 95:5:0.5) Rf 0.3 



(a\ tfans-4-r4-r4-(AminoiminomethvnDhenvll- 1 -pioerazinvp- 1 -r2-f 1 , 1 -dimethvlethoxvV2- 

10 oxoethvll-l-methvlpiperidinium trifluoroacetate salt 

fl,^ds-4-r4.r4^A iiiinoiminQmethvnphenvn-l.DiDera2invn-l-r2-flJ-dimeth^^ 
oxoethvn.l-me thvlpiperidinium trifluoroacetate salt 

Intermediate 10 (624mg) was dissolved in acetone (1 70ml) and treated with methyl^ 
iodide (0.927ml). The mixture was heated under reflux for 2'/^!. The solvent was 

15 removed in vacuo to leave a yellow solid which was dissolved in methanol (120ml) and 
treated with ammonium acetate (345mg). The mixture was heated at 60° for 6h. The 
solvent was removed in vacuo to leave a yellow solid, which was purified by preparative 
h.p.Lc. (gradioit profile 5-20% (u} in 10 min. and 20% (n) isochratic for 8 min.) to give 
after Rr 16.5 min. the title compound (a) as a white powder (65mg) having a mass 

20' spectrum [NOT] of 416, and after Rf 17 0 min the title compound (h) as a pale pink 
powder (lOOmg), also having a mass spectrum [MH*] of 416. 

Example 2 

■1 l.Dimethvlethvl 4-f4-^4.raminofl ivdrQxviniino>methvnphenvll-l- 

25 piperaanvll-l-nioeridineacetate . . ; . 

Potassium-t-butoxide (0.123g) was added to a stirred mixture of Intermediate 4 
(0.384g) and hydroxylamine hydrochloride (0.076g) in t-butanol (15ml) at 80'. After 
heating for 1 8h the residue was partitioned between hot ethyl acetate (50ml) and hot 4% 
sodium bicarbonate (50ml). The aqueous phase was extracted with hot ethyl acetate 

30 (3x50ml). The combined organic extracts were evaporated onto silica gel (Merck 7734). 
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The dried support was added to a column of sUica gel (Merck 7734) and eluted with 
System A (100:8: 1). i^ropriate duates were coUected and evaporated to yield the titie 
emnpound (O.llg) as a white solid. 
Tic. SiOj(SystemA100:8:l)RfO.19 and 0.24. 

Example 3 

p i ppn.rinvn-l-pi r'^'<?"«'cetate trifltioroacetate salt 

MetM iodide (0.85nil) was added to a stirred suspension of Intermediate 10 (3.0g) 
inacetone(200mDandthemixturewasheatedatrefluxfor3h. The solvent was removed 
m^SS^fiandtheIesiduedisso^edinmethanol(200ml). Trifluoroethyhmune (1.15ml) 
wasaddedandthemixtureheatedatca.60-undernitrogenfor5h. Thesolventwas 
removed m vacuo to leave a yeUow foam which was purified by preparative h.p.U. 
(gradient proffle 10-70% (v) in 18 min.) to give after R, ll.07min. the^flLSfiSlBflUndas 
av*itepowder(I82nig). Analytical Lplc. (gradient profile 10-90% (ii) in25 m«n.)R^ 
9.63 nm. 



Example 4 

20 p i- ppfaTiiivn-l-p ; r«ridineacet? »'^ trifliinrnacetate salt 

Irtermediate 14 (154mg) in acetone (25ml) was treated with iodomethane (SOjil) and 
heatedunder^refliKforLSh. Further iodomethane (20nl) was added and after heating 
imderrefiaxforafiirther2h.thesohitionwashomogeneous. The soWent was removed 
in vacuo, the residue dissolved in methanol (25m0, and ammonium acetate (SOOmg) 
added. Thesolutionwasheatedunderrefluxfor8handevaporatedin>aaio. The 
residue was purified by preparative h.p.Lc. (20% 00 isochratic) to afford thejtle 
compound as a colouriess solid (46mg). 

Analytical h.p Ic. (gradient profile 10-90% (ii) in 25 min.) 8.6min. 



30 Example 5 
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1. 1-Dimethvlethvl 4-f4«f4>(aminoiininomethvnphenvl'|-2-rnethvl-l« 
piperazinvn-l-piperidineacetate trifluoroacetate salt 

Intermediate 17 (540mg) in acetone (2Snil) was treated with iodomethane (100^1X 
heated under reflux for 4h, and the solvent evaporated in vacuo . The residue was taken 
S up in methanol (2SmlX anmionium acetate (0.5g) added, the solution stirred under reflux 
for 8h and the solvent evaporated in vacuo . The residue was purified by preparative 
h.p.l.c. (gradient profile 5-20% (ii) in 10 min. and 20% (ii) isochratic for 8 min.) to afford 
the title compound as a colourless solid. 

Analytical h.p.l.c. (gracUent profile 10-90% (ii) in 25 min.) Rr9.3min. 



Intermediate 20 (433mg) in acetone (25ml) was treated with iodomethane (70^1) and 



15 the mixture was heated under reflux for 3h. The solvent was removed invacuo, the , 
re^due dissolved in methanol (25ml) and anmionium acetate (0.5g) added. The mixture 
was heated under reflux for 8h, cooled and evaporated in vacuo . Gradient preparative 
h.p.l.c. (gradient profile 10-40% Cii) over 9min and 40% (ii) isochratic for 9min) afforded 
the title compound as a colourless solid (6 1 mg). 

20. Analytical h.p.l.c. (gradient profile 10-90% (ii) in 25 min") 1 1 .7 min. 

Example 7 

1 UDimethvlethvl 4^r4-(aminQimin omethvnphenvnrL4'-biDiDeridinel- I'-acetate 
trifluoroacetate salt . 

25 Intermediate 22 (3I7mg) and iodomethane (130^1) in acetone (30ml) was heated 

under reflux under nitrogen for 7h. The mfacture was concentrated in vacuo and the 
residue redissolved in methanol (30ml). Ammonium acetate (1 76mg) was added and the 
mixture heated at 60"" under nitrogen for 7h. After cooling, evaporation of the solvent in 
vacuo gave a brown residue, which was purified by preparative h.p.l.c. (gradient profile 



10 



Example 6 

trans>4-ri-r4-fAminoiminomethvl>phenvl1-4-Diperidinvl]-l-T2^ 
-2-oxoethvl]-l-methvlpiperidinium trifluoroacetate salt 



30 
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5-20% Cu) in 10 mm. and 20% Cn) isochraric for » min.) to give afkerRf 15.9 min. the tide 

compomid (88mg) as a yellow crystalline solid. 

N.mj. (5,Dtf.DMS0) : 1.5 (PSs.'Bu), 1.9-2.4 (8ani,CH,s), 2.9-3.7 

(10a2xm.N-CBtM^-CH^-CH). 4.05 (2H.bnn.N^C0,^u). 7.48 aaV^BB', 

aromatic CSs\ 7.85 VSAABB', aromatic CHs), 9.15. 9.3 (4a2xbrs, amidine NH), 

10.2(lg.brsjiO2CCF3). 



Example 8 

I |,n;^y||T Y|«fhvl4-r4-r4-f»>TnfnninimQmetb Yl>ph«nvl1-T-Dipera7invlV 1-niperidineaceta^(? 

10 Amixtore of Example 2 (0.209g) and 10% palladium on carbon (0. Ig) in glacial 

aceticacid^)wasstiiredunderanatmosphereofhydrogenfor2days. The 
suspensionimfilteredandtheffltnttewaaevapoiatedunderreducedpr«^ The 
residue was partitioned between chloiofonn (ZSml) and 2N sodium carbonate (SOmO- 
Theaqueousphasewasextractedwithchlorofonn(25ml). The combined organic 

15 extracts were dried (Na^SOJ and evaporated to give a cream soUd. Purificationby 

chromatography on silicagel (Merck 7734) using System A (10:8:1) as eluant gave the 
tttte camnound as a cream powder (0.09g) having an analytical h.p.l.c. (gradient proffle 
10-90% Oi) in 25 min.) Kg 8.65 min. 

20 Example 9 

1 , T.nimfittivlethvl 4-[4-[4-raniinoiiT ii"on'ethvn-2-hromopheiivn-l- 

pfp fff{ ^»i |^l|-l.pineri Hineacetate tpfl'mmacetate salt 

Intennediate 25 (1.05g) was dissolved in acetone (70ml) and treated with methyl 
iodide (0.20ml). The mixture was heated under reflux for 5h and the soWent was 
25 removed in vacuo to leave a yellow soUd which was dissoWed in methanol (50ml) and 
treated withammomumacetate(488mg). The mature was heated at 60« for 6h andthe 
solvent was removed in^ to leaveayeUowsofid. Purificationby preparative h.pl^^ 

(gradient profile 5-20% Cn) in lOmin and 20% Oi) isochratic for 8min) gave after 
163min thetitieffiiSESSmd as a white soHd (105mg). 
30 Mass Spectrometry [MHT 481. 
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Example 10 

1 1 -Dimethvlethvl 4-r4-r4-(aminoii Tiinomethvn-2-methvlDhenvlVl- 
pipetaHnvn-l-oineri dineacetate trifluoroacetate salt 

5 Intennediate 27 (540mg) was heated under reflux with methjd iodide (43 \x\) in 

acetone (50ml) for 3h. The solvent was removed in vacuo to leave an orange oil which 
was dissolved in methanol (50ml), treated with ammonium acetate (163mg) and heated at 
60* for 6h. The solvent vm removed to leave an orange oil which was purified by 
preparative h.p.l.c. (gradient profile 5-20% (ii) in lOmin and 20% (ii) isochratic for 8 min) 

10 to ^ve after Rj 16-5 min. the title compound as a cream coloured solid (lOOmg). 
Analytical h.p.l.c. (gradient profile 10-90% Cu) in 25rain) Rr9.24min. 

Example 11 

Ethvl 4-r4-f 4-(aminoiminQmethvnDhenvn- 1 -piDera yinYl]^-methvl- 1 - piperidineacetate . 

15 Methyl iodide (0.35ml) was added to a stirred suspension of Intermediate 32 (2g) in, 

acetone (100ml) and the mixture was heated under reflux under nitrogen for 2.5h. More,- 
methyl iodide (0.35ml) was added and the mixture heated under reflux for 1 h. The 
acetone was evaporatMl and the residue dissolved in methanol (1 00ml) and treated with 
ammonium acetate (1.52g). The mixture was heated under reflux for 6h and the methanol 

20 removed in vacuo to leave a yellow foam. The foam was taken up in acetonitrile ( 1 0ml), 
water (15ml) and methanol (5ml) and purified by preparative h.p.l.c. (gradient profile 
5-20% Cii) in lOmin and 20% (ii) isochratic for 8min) to give after Kj 13 A min. the Jitlg 
compound as&-wiate solid (1.45g). 

Analysis Found: C,40.0; H,4.3; N,8.0; 

25 C2,H33N50j.4.5C2HF30j requires: C.40.0; H,4.2; N,7.8%. 

Example 12 

1.1-Dimethvlethvl l'-r4-(aminoiminomethvnphenvnr4.4'- bipiperidine1-l -ac etate 

Intermediate 20 (940mg) was suspended in acetone (40ml) and iodomethane (70jil) 
30 added. The mixture was stirred at reflux for 1 .5h, treated with further iodomethane 
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(70|il) and heated under reflux for a further Ih. A forther quantity of iodomethane (50jU) 
wasaddedandthemixtureheatedunderrefluxforafurtherlh. The acetone was 
removed in vacuo and the residue in methanol (60nil) was treated with ammonium acetate 
(lJg>, heated under reflux for a fortho- 8h, and the solvent evaporated ii^^ 
5 PurifiiLtionby prQ)aiativeh.plc. (gradient profile 10-70% Ci) in 18 min) afforded crude 
product (740mg). Furtherpurificationbyflash chromatography over siBca (Merck 9385, 
65g) with Systems (19:10:1) ehiant afforded the title compound as a colourless soKd 
(lOSmg). 

N.m.r. ^. D,-DMSO): 8.9 and 8.52 (4H. 2xbrs, amidineNH). 
10 7 7 7.05 (4H, AABB', aromatic CHs) 

4.03 (2Hbrd. aromatic ^-CH^equa.), 3.33 (2Hs. NCH,COO). 3.05 and2.8 C2Hbr8 + 
4Hbrt, rest - CH^, 2.1 (2Hbrm, 2x-CH) and 1.9 - 0.9 (8Hm, rest). 

Example 13 

15 (,) frtmfi^444^^»^r«^tvnmoT «^y^^^^ -niT)erazinvl1-l-r2- 

^;^^^^4..;,.^ P-nvn>*hvii-i-rnh(nivimf»hvnpiPCT^^^^ mmmmff salt. 

Intermediate 10 (1.84g), was dissoWed in acetone (lOOral), treated with benzyl 
20 bromide(1.57ml)andheatedunderrefluxforl8h. The solvent was removed nrsasuo to 
leave a yeUow soUd, which was dissolved in methanol (lOOml) and treated with 
ammonium acetate (1.02g). The mixture was heated at 60T for 6h, and the solvent 
evq„,rated to gwe an orange oil Purification by preparative by ^^^^^^ (gradient profile 
10-30% (ii) in 12 min. and 30% isochratic for 6min) gave after 17.1 min the ^ 
25 compound (a) as a white sotid (32m^. and after 17.3 minthetito2inEfflffld(b) as a 
white solid (92mg). 

Analytical h.plc. (gradient profile 10-90% (ii) in 25min) 
Rr 11.9min (compound (a)), 12.0min (compound (b)). 

30 Example 14 
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CIS' 1 . 1 -Diniethvlethvl 4-[4-[amino(hvdroxvimino)methvl1phenvl]- 1 - 
piperazinvl]'3*methvl- 1 »piperidineacetate 

Intermediate 35 (1 .5g) was heated under reflux with hydroxylamine hydrochloride 
(290mg) and potassium t-butoxide (0.4Sg) in methanol (20ml) with stirring under 
5 nitrogen. The hydroxylamine hydrochloride and potassium t-butoxide were each added in 
four equal portions after 0, l.S, 3.5 and 5.5h, and the mixture was heated under reflux 
overnight, the mixture was poured into water (120ml) and the precipitate filtered off, 
washed with water and dried to give a white solid (1.33g). The solid was triturated with 
hot toluene (15m]), filtered off while hot, washed with ether, and dried to give the title 
10 compound as a white solid (0.902g). 
T.Lc. SiOj (System A, 89:10:1) Rf 0,6. 

Example IS 

4-[4-[4«f Aminoiminomethvl)phenvl]-l -piperazinvll- 1 -piperidineaceric acid 
15 trifluoroacetate salt 

Example 8 (152mg) was treated with a mixture of trifluoroacetic acid and water . 
(9:1; 50ml). The mixture was stirred at room temperature for 20min before the reagents 
were removed in vacuo to leave the title compound as a pink solid (1 20mg). 



N.m.n (5, DMSO) : 9.03, 8.88 (ffl,2xbrs,NHs), 7.8. (2H,ViAABB', aromatic CHs), 7.2 
(SaViAABB', aromatic CHs), 3.98 (msrCHr COOH), 2,8-4.0 (13H,m,CH2S, 
obscured by H^O), 2.22 eH,brd,N-<:H2.CH^equatorial), 1.95 (2abrq,N.CH3.i2^ axial). 



faUrans>4>r4>r 4-rAminoiminQmethvnphenvlVl-piperazinvll-l-f2-hvdr^^ 
2-oxoethylVl-methvlpiperidinium trifluoroacetate salt 

(h) cis-4-r4>r4-(Aminoiminomethvnphenvn-l«piperazinvn-l>f2>>hvdroxv> 2-oxoethvn-l> 
pnethylpipgridjnium trifluoroacetate salt 



20 



Analysis Found : 

CjgHj^NA ^.eSCjHFsOj requires : 



C,39.6; H,4.5;N,9.2; 
C,39.9; H,4.1;N,9.2%. 



.25 



Example 16 
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Example la (58mg) was treated with trifluoroacetic add and water (9:1; 25ml) and 

themixturestiiredatroomtemperaturefor20min- The solvent was removed amsilfi to 

gve the tftle compound a s a white solid (42mg). 

AnaiysisFound: C,40^;H,4.6;N.8.6; 
5 CjHjoNjOjJJSCjHFjOj requires: C.40.4; H,4.3; N.8.9%. 

Kntr. (5. MeOD) : 7.75 (^VSAABB', aromatic CHsX 7.16 ^ViAABB'. aromatic 

CHs), 4.22 ^s.JT-CHj-COOH), 3.88 (^brd^-CH, equatorial), 3.68 

aam.Ar-N-CHj + N-CH). 3.32-3.42 (9H,nH-sX-Ci^ axial* N-CH, piperazineJ^-Me), 

2J-2.42 (4Hm.NCH4- ^ piperidine). 
10 Example lb (92mg) was treated with a mixture of trifluoroacetic add and water (9:1; 

25ml)andstBredatix)omtemperaturefor25min. The sobent was removed iiuacus to 

ffvt the tMe compound as a pale pink solid (49mg). 

AnaiysisFound: C.41.0; H.4.5; N.9.2; 

CpHjoNjOjJ^CjHFjOjRequires: C,41.1;H,4.5;N,9.2% 

15 

Example 17 

A.^AJ^A. ^Arr««n(h,rdrc«c^nn^ ^ piperidineacetic add 

trifluoroacetate 

A solution of Example 2 (0.12g) in trifluoroacetic add (4.5ml) and water (0.5ml) 
20 wasstirredatroomtemperaturefor5h. The sohition was evaporated under reduced 

pressure and the residue triturated under isopropyl ac^te to yield the title coinpQppA as 
an oS-y9bita powdo* (0.2g). 

Analysis Found : C.42.02; H.5.01; N.9.37; 

C,^A-3CaF,0,.0.4C,H,oO, requires : C.4155; H.4.60; N,9.41%. 

25 Mass spectrum \MH^ 362. 

Example 18 

pippra-rin yl-l-l-pinep Hineacetic ad'^ ♦rifliinrnacetate salt 

30 
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Example 3 (SOmg) in trifluoroacetic acid/water (10:1, 22inl) was stirred at room 
tenq)erature for 2h. The solvent was rnnoved in vacuo to give the title compound as a 
foam (37mg). 



5 C,oHaNjOjF5.3.75CjHF30j.0.5C^O (ethanol) requires : 
C,39.0;H,4.0;N,8.0%. 

Analytical h.p.l.c. (gradient profile 10-90% (ii) in 18 min.) 11^5.36 nun. 
Example 19 

10 4-f4-f6-fAminoiminomethvlV3-Pvridinvl]-l-pipera2invn-l- piperidineacetic acid 
trifluoroacetate salt 

Exanq)le 4 (44nig) was dissolved in trifluoroacetic acid-water (9: 1, 10ml) and the 
mixture allowed to stand for 4h. The solvents were ronoved in vacuo and the residue 
triturated with dry ether to afford the title compound as a colourless solid (42mg). 
15 Analysis Found: C,37.65; H,4.0; N,9.9; 



Mass spectrum [MIT] 347.2. 
Example 20 

20 4.r4-r4.rAminoiminomethvl^hem^n-2-meth vl.l-piDera2invn-l- piperidineacetic add 
trifluoroacetate sak 

Example 5 (252mg) in trifluoroacetic acid-watw (9: 1, 20ml) was allowed to stand 
for 2h and the solvents evaporated in vacuo . The residue was triturated with diy ether 
f2x5mn to afford the title compound (232mg). 
25 Analysisjound: ...... ^ ..- - ^ , , C^^^^ 

C,jH»N50,.3.3CjHF,Oj.0.5C4H,oO (diethyl ether) requires : 

C,42.8;H,4.8;N,9.1%. 

Mass spectrum [MIT] 360.2. 



Analysis Found: 



C,38.7; H,4.4;N,7.5; 



C„HjsNjOj.4C2HF30j requires : 



C,37.4; H,3.8;N,10.4%. 



30 Example 21 
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fr^. f^f1-r4-rAminoir i^nnniRthv1Vhen Yl1-4-p i peridinvn-^ 
;>-^^^>f^li VlVUmethvl preridi'nium trifluoroacetate salt 

Examples (60mg) was dissolved in trifluoroacetic add-water (9:1, 10ml) and the 
solution allowed to stand &r4h. The solvent was removed iasacug and the residue 
5 triturated widi dry ether (5mD. Purification by preparative kplc. (gradient profile 
5-20% Cii) over lOmin and 20% 00 isochratic for Smin) afforded after 13.5 min. tiie 
title compound as a colourless solid (I5mg). 

AnalysisFound: C,45.0;H.5.1;N,8.3; 
C^,0^.9CJHF30.requires C.45.0;H.4.8;H8.1%. 
10 Njn J. (8, D6-DMS0) : 8.9 and 8.6 (^2xbrs,amidineNHsX 7.73 (^Li^BB', 
aromatic'cffsX 7.10 (^HAABB'. aromatic CHs). 4.3 (2i.s,N^-C00H). 4.05 
(2H.brd^-NOT, equatorial). 3.7(2abrd,CH,-N^eciuatorial). approx. 3.4 OS, 
Ar-N^ axial- obscured^ 32 (3as,N.CH,), 2.82 GEbrt.CH,-N^ axial), 2-1.1 
fioa nurest). 

15 

-1 ft f ft iTHr "T' T»"'^fa'<^^"">"" 4'^iT)ineridin»>l'-!ir^'? jw?i4triflyoro^g salt 
Example 7 (82mg) was stincd at room temperature under nitrogen in a mixture of 

trifluoroacetic add (4.5ml) and water (0.5ml) for 3 .5h. Hie solverts were removed m 
20 vacuo to afford tiie title compound (67mg) as an oflf-white sofid. 

Kmr. (6,D^DMS0) : 1.9-2.4 (8am,CH^), 3-4 (10H-H,O + 

23gaN-QfeN-£aAr.iS),4.08 (2as.NQ^C02H). 7.5 (2a>/^BB', aromatic CHs), 

7.83 (^VSAABB', aromatic CHs). 9.25. 9.3 (^2xbrs,amidinel2fc). 10.3 

(iabrs,HOjCCFj). 
25 Mass spectrum [MH*] 345. 



Bcample23 

pu.^.t^-fA-|-^. ^;nniniinQmetii yr)phrnTl1 1 pr-^-^-'^Y'l-^-rT^^'^'"^^^^ 
trifliinrnacetate salt 

30 
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Example 15 (0.1 Sg) was dissolved in ethanol (70ml) and hydrogen chloride gas was 
bubbled into the cooled (ict bath) solution for 20nun, which was then stirred overnight at 
room temperature. The solvent was removed in vacuo to yield the title compound as a 
pale pink solid (lOOmg). 
5 Mass spectrum ^CET] 374.2. 

Analysis Found: C,39.0; H,4.0; N,7.7; 

CjoHjiN502.4.5CjHF,Oj requires: C,39.3; H,4.0; N,7.9%. 

Example 24 

10 4-[4-[4-(Aminoiminomethvl)-2-bromophenvl] -i-pipftra7invj]-l - plperidineacetic acid 

trifluoroacetate salt ' 
Example 9 (lOOmg) was treated with a mixture of triiluoroacetic acid and water ^ 
(9: 1, 25ml) and the mixture stirred at room temperature for 2h. The reagents were 
ronoved in vacuo to leave a pink ofl which was triturated with ether to leave the |ms 

15 compound as a pink solid (80mg). 

Analysis Found: C,37.3; H,4.0; N,8.7; 

C,^BrN502.3.2C2HF30j requires : C,37. 1; H,3.7; N.8.9%. 

N.m.r. (5, D6-DMS0) : 9.1,9.3 (4a2xbrs amidine NHs), 8.13 (lIid,aromatic CH). 7.88 
(liidd,aromatic CH), 7.4 (iad,aromatic CH). 4.0 (2H,brs,N-£qj-C00H), 3 .2-3.8 

20 ri3Rm.rest CH,s+CH), 2.28 (2iibri,CHj-CH equatorial), 1.95 (2ttbrddd,(2i2-CH 
a»al). 

Example 25 

4-r4-[4-(Aminoiminomethvl'>-2-methvlphenvn-l-DiDerazinvn-l- piperidineacetic acid 
25 trifluoroacetate salt ,. . . .. . .. 

Example 10 (97mg) was treated with triiluoroacetic acid and water (9:1, 25ml) and 
the mixture stirred at room temperature for 3h. The reagents were removed in vacuo to 
leave an oil whidi was triturated with ether to leave the title compound as a white solid 
(58mg). 

30 Analytical h.p.l.c. (gradient profile 1 0-90% (ii) in 25min) Rf 3 .5min. 
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Analysis Found: C,4L6;H.4.6;N.9.6; 
C^ftsNjOj-SJC^aOj requires: C,41.8;H.4.4;N.9.5%. 

Kyam ple26 

A.^A.^A.(^^innm«nf^eihv r)r ^ ^^ piperidineacetic acid 

Example 1 1 (1.45g) was dissolved in 2N hydrochloric acid (-lOOml) and the 
mixture stirred at^ 60° for 3 days. The solvent was removed igusaaifi leaving the tifle 

compound as a pmk solid (0.98g). 
Mass q)ectrometiy [MH*] 360. 

N.m,r. (5, D^-DMSO) 1.53 (3H.d>IeX 2.28 (2H.m,CHQ^ (ax)), 2.42 (2H,m,CH^ 
(eq)), 3.06-3.72 (llH^ring CH+CH,'s). 4.15 (2H.m,Sa?^ (eq)). 4.23 
(IH,q,aLCO^, 7.18. 7.83 (4H.AA'BB'. arom.). 8.89, 9.13 (2H,2brs.anadine). 

Example 27 

15 iLriLrAm!noimino^ >^hvl Yh*^v"r4-4 '-Krp>^rirf^^^^^^ arid trifluoroacetate salt 

A solution of Example 12 (105mg) in trifluoroacetic add-water (9:l,15ml) was 
aUowed to stand at 22" for 2.5h. The solvent was removed inv^Q and the residue 
purified by preparative h.p.Lc. (gradient proffle 5-20% 00 in lOmin and 20% Cii) 
isochratic for 8 rain.) to afford th^. title compound as a colouriess solid (27mg). 

20 Mass spectrum [MH*] 345.5 

^Found C,42.9;H,4.4;N.7.9; 
" C,sftW>r 3-25 CFjCO^ requires C.42.8;H,4.4;N,7.8%. 

Example 28 

25 tr;,n.^r4-r4-fApii"ni'mmnmethvl )ph«nvn-l-oiDera7invl1-1-f2-hydro 
9.nvnBthvn-l-fphenv 1niethvn piDeridinhim trifluoro acetate salt 

Example 13 (a) (30mg) was treated with trifluoroacetic acid and water (1:1) 
(10ml), and the mixture was stirred at room temperature for 18h. The solvent was 
removed in vacuo to give the title compound as an ofif white soUd (26mg) 



30 
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Mass spectrum: [MIT] 436 

Assay Found C,45.7; H,4.5; N,8.4; 

C25H24N3O2.3.5TFA requires C,46.0; H,4.5; N,8.4%. 

5 Example 29 

cis-4-[4>r4-fAminoiminQmethvnphenvl1-NDiD era2invl%l^ 
oxoethvlVl-(phenvlmethvnpiperidinium trifluoroacetate salt 

Example 13 (b) (86mg) was treated with trifluoroacetic acid and water (9:1, 10ml), 
and the mixture was stirred at room temperature for 1 8h. The solvent was removed in 
10 vacuo to give the title compound as a white solid (76mg). 
Mass spectrum [MIT] 436 

Assay Found C,46.5; H.4.6; N,8.5; 

CJ5H34N5OJ. 3.25 TFA requires C,46.9; H,4.7; N,8.7.%. 

15 Example 30 

cis-4-f4-r4-AininoimmomethvnDhenvl> 1 -piDerazinvll-3-methvi- 1 - piperidineacetic acid 
trihvdrochloride salt 

Acetic add (lOml) and ac^c anhydride (0.3ml) were added together to a mixture 
of Example 14 (0.9g) and 5% palladium on carbon (lOOmg) undo- nitrogen, and the 

20. mixture was hydrogoiated at room temperature and pressure until hydrogen uptake had 
ceased. The mixture was filtered through SN HCl washed Hi-flow, and the filter cake 
washed with 5N hydrochloric acid (3 x 10ml). The filtrate was stiired under nitrogen for 
18h, giving a dark green solution. The mixture was concentrated to c&. Awl, and 
isopropanol (40ml) added, giving a precipitate which was filtered off and washed with 

25 isopropanol to give a light green solid (488mg). Recrystallisation fi-om eg. 5 : 1 

isopropanol:water (ca. 30ml) gave the title compound as a light grey powder (148mg). 
Assay Found: C,44.1, H,6.9;N,13.4; 

C^Hj^NjO,. 3HC1. 2.7R,0 requires: C.44.1; H,7.3; N,13.5%. 

Analytical h.p.l.c. (gradient profile 5-20% (ii) in lOmin) Rp 5.6min. 

30 
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Example 31 

-1 -piperidtneacetate 

Sodium M«>xide solution (2N: Sml) was added to Example 8 (0.7g) and the 
suspension evaporated to dryness. The solid residue was suspended in diy pyridine (I5mi) 
and etfajdclilotofonnate(0^14m0 added. After Ih, the solvent was removed iiLSaSJO 
and the residue purified by preparative h.plc. (gradient profile 10-t5% ® in 17 min) to 
give after 12.9 min the title compound as a beige sofid (0.03g). 
Analytical h.plc. (gradient profile 10-90% (vi)m25 min) R,10.8min. 



[]-]-pfperidineacetic 



7^vample32 

A.[4-[4-rrfEt hftv yeariiogvl) ?THll?1'^^^ 
arid triflunrnacetate salt 

A solution of Example 3 1 (0.032g). in trifluotoacetic add (6ml) and water (Iml) 
was stirred at room temperature under nitrogen for 5h. The solvent was evaporate 

give thefiksfimEflyndas awhite solid (0.025g). 

C,37.3;H,3.6;N,6.8. 
C37.7;H,3.7;N,7.1% 



Assay Found: 

0^1^^5044.8 CF3 CO^ requires 
Mass Spectrum \MH!J 418 



Example 33 
n-Dimetfivle 
ptparaTttiYlVT-pipftriHineacetate. 

A solution of Example 8 (0.4g) in dry dichlometiiane (50ml) was treated witii 
metii3« chlorofi)rmate (0.05ml) and tiien sodmm hydroxide sohition (0. IN. 26.4ml) and 
tiiemixturewasstiiredvigorouslyfi)r20min. The organic layer was separated, dried 
(MgSO ^ and evaporated to yield tiie title compound as a yeUow solid (0.3g). 
Tic. (System A, 90:10:1) Rf 0.7. 



30 Example 34 
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4-f4-r4-riininoffmethoxvcarfaonvnanano lmethvl1phenvll-l-piperaziiwn 
piperidineacetic acid trifluoroacetate salt 

Example 33 (0.4g) was dissolved in trifluoroacetic acid (ISml) and water (3ml) and 
the mixture was stirred at room temperature for Ih. The mixture was concentrated in 
vacuo and the residue purified by preparative h.p.l.c. (gradient profile 5-20% (ii) in 10 
niin and 20% (u) isochratic for 8 min) to give after R,12 min the title compound as a 
beige soUd(0.22g). 

Analytical h.p.l.c. (gradient profile 10- 90% Qi) in 25 min) R, 3.55. 
Mass Spectrum [MIT] 404 

Example 35 

11-Dimethvlethvl 4.r4-r4rrrdiethoxvDhosDh invnaniino1 inmnomethvllphenvll- 
l-piperazinvl1-1-piperidineacetate 

Sodium hydroxide solution (2N, 20ml) was added to Example 8 (0.9g) and the 
solution evaporated to dryness. Dimethylformamide (10ml) followed by diethyl ^ 
(^anophosphate (0.264ml) were added to the solid residue and the solution stirred at 
room tempoature for 15h. The solution was filtered and the filtrate evaporated jp vacyg 
to give the title compound as a red oil (0.6g). 
Mass Spectrum [Mir] 538. 

Example 36 

4-f4-f4-rfDiethvlphosphmvnaniino1iminomethvnphenv ll-l -oioerazinvn- 1 - piperidineacetic 

add trifluoroacetate salt 

Example 35 (0.6g) was stirred in tiifluoroacetic acid (9ml) and water (1ml) for 2h 
at room temperature. . The mixture was concentrated in vacuo and the. residue purified by 
preparative h.pJ.c. (gradiem profile 5-40% C") in Hmin) to give after 14.4 min the tills 
compound as a foam (0. 12g). 

Analytical h.p.l.c. (gradient profile 10-90% (ii) in 25nim) R,. 7.9 min. 
Mass Spectrum [MIT] 482 
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Fxam ple 37 

1 l-nimethvle th yl 4-f4-r4-rft*«>nTnvlaininolii nmnmethvnphenvn-l-piperazinvl1-l- 
pipftpriineacetate 

Example 8 (0 in dicUoiomethane (20ml) was treated with benzoyl chloride 
(27td) and sodium hydroxide solution (O.IN; 14ml). and subsequently stirred vigorously 
for2h. Theorgamclayerwassepatated.dtied(MgSO^.andevaporatedffi2aaiato 
yield a yeUow residue which was purified by preparative h.pJ.c. (gradient profile 10-55% 
Cu>in 17min)to give after 13.1 minthetjtlecompffWd asayenowsoHd(0.11g) 
Mass Spectrum (MH*} 506. 



Example 38 
tfjfluoroacetate salt 

Example37 (O.lg) was dissolved intrifluoroacetic add (10ml) and water (1ml) and 
15 themixturewas stirred at room temperature for Ih. The solvents were evaporated to 

giveaydlow oil which was purified by preparative h.p.lx. (gradient profile 10-50% (ii) in 
llmm)togrveafterR,ll.lminthetitlff <?omPff^P4 as a cream solid (0.07g). 
Assay Found: C.44.6; ^4.1; N.8.0^ 

CjjH3,NA4CF3CO:H requires C.44.5;H.4.0;N.7.9% 
20 Analytical h.p.Lc. (gradient profile 10-90% 00 in25 min)R, 11.2min. 



Evaniyile39 

I ^_|v'^^ ^f^in,l^r^rS-ra T TiniT^HrnvviniinoWthvn-^^^^^ l-piperaanyll- 

25 Intermediate 38 (0 J5g) in methanol (20ml) was treated with 4 portions of potassium 

t-butoxide (0.058g) and hydroxylamine hydrochloride (0.036g) at 2h intervals while the 
mixture was heated under reflux under nitrogen, and after the final portion had been 
added, the mixture vy^ heated under reflux for 8h. The solution was cooled, water 
(10ml) added, and the product filtered off and dried kmeua to give the title compound 

30 as a white solid (0.25g). 
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T.I.C. (System A. 90:10:1) Rf 0.4; 
Example 40 - 

11-Dimethvlethvl 4-r4-r5-(aininoim inomethvlV2.Dvridinvn-l- DioeraanvlVl- 
5 piperidineacetate trifluoroacetate salt 

A mixture of Example 39 (0.23g), acetic anhydride (78(xl) and 10% palladium on 
carbon (50mg) in glacial acetic acid (6ml) was hydrogenated at room temperature and 
pressure for Ih. The catalyst was filtered off and the filtrate evaporated in vacuo . 
Purification by preparative h.p.l.c. (gradient profile 10-50% (ii) in 17 min) gave after R, 
10 10.8 min the title compound (0. 12g) as a white solid. 
Mass Spectrum [MIT] 402 

Example 41 

4.j-4-[^5.fAminoiniinomethvlV2-pvridtnyll-l-piperaanvn-l- piperidineacetic acid 

15 trifluoroacetate salt 

Example 40 (0. Ig) was stirred with trifluoroacetic add (9ml) and water (1ml) at , 
room temperature for 1 .5h. The sohrem was removed in vacuo to ^e an oily residue 
whidi was purified by preparative h.p.l.c. (gradient profile 5-20% (ii) in 10 min and 20% 
(ii) isochratic for 8 min) to give after R, 1 3 .0 min the title compound as a white solid 
. 20 (0.02g). 

Mass Spectrum [MH*] 347 

Analytical h.p.lc. (gradient profile 10-90% (ii) in 25 min.) 4.12 min. 
Example 42 

25 

Biological Data 

Inhibition of blood platelet aggregation by compounds of the invention was 
determined according to the following procedure. Citrated whole blood (1 part 3.8% 
trisodium citrate : 9 parts blood) was obtained from human volunteers, free of medication 
30 for at least 1 0 days prior to collection. The blood was incubated with 0. 1 mM aspirin and 
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0.05HM prostacyclin and then centri&ged at lOOOg for 4 minutes (20'C). The 
supernatant platelet rich plasma (PRP) was fiirther centrifuged at 1300g for 10 minutes 
(20'Qto sediment the platdets. The supernatant was discarded and the pellet washed 
^ a phydological sah solutitm (HEPES 5mM. NaHCO, 12mM, NaCl 140mM, KH^O, 
0 74mM. IMSlucose 5.6mM. KCl 2.82mMandBSA20g/l. pH 7.4) to remove residual 
plasma. After washing, the peUet was resuspended in physiological saft solution and 
applied to a sepharose CL-TB column. pre^uiUbrated with physiological sah solution at 
roomtemperature. The platelets (GFP)eluted within the void volume and weredUuted 
to approximately 300,000 pbtelets/^linbufe. Purified human fibrinogen (Knight L.C. 
etaI.I98niiromb. Haemo8tasis.MC3). 593-596) was added to a final concentration of 
0Jmg^mltogetherwithCa2+andMg2+atImMand0.5mMrespectively. Test 
compounds were incubated in OTP forSminutesatarC and theplatdet aggregating 
agentadenosinediphosphate(ADP)wasaddedtoafinalconcentrationoflxlO^. The 
• potency of the compounds may be expressed as an IC„ value defined as the concentration 
15 of compound required to produce 50% inhibition of platelet aggregation. 

The foflowing IC« values were obtained for compounds of the invention: 



10 
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37 


16a 


44 
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5662 


18 


316 


19 


76 


20 


71 


21 


41 


22 


71 


23 


16233 
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24 


342 


25 


569 


26 


177 


27 


32 


28 


38 


29 


354 


30 


23 


32 


3332 


34 


1599 


36 


2683 


38 


1296 


41 
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Example 43 

P'^nmn ^^'^""P^^ - Tablets 

a) Compound of the invention 
Lactose 

Nficrociystalline Cdlulose 
Cross-linked polyvinj^pyrrolidone 
Magneaum Stearate 
... Compression weight ; .. . . . - 



5.0mg 
95.0mg 
90.0mg 
8.0mg 

,2.0mg 
20Q,pmg. 



.•J 



30 



The compound of the invention, microcrystalline ceUulose, lactose and cross-linked 
polyvinylpyrrolidone are sieved through a 500 micron sieve and blended in a suitable 
mixer. The magnesium stearate is sieved through a 250 micron sieve and blended with the 
active blend. The blend is compressed into tablets using suitable punches. 



CI lOCTITI JT= ei_'!==r 
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b) Compound of the inventioii 5.0mg 

- ^ 165.0mg 

Lactose 

Pregdatiinsed Starch 20.0mg 

Cross-linked polyvinyipyrrolidone 8-0«ng 

Magne^um Stearate — IXttaz 

Compressionweight 200.0mg 

compound of the mvention. lactose and pregelatinised starch are blended 
togetherand granulated widi water. The wetmassis dried and mmed.lliem^ 

stearate and cross-lmked polyvii^pynofidone are screened ^ugh a 250 micron — 
andblendedv«ththegra«ae.Thercsultantblendiscompressedusm^ 

punches. 



sieve 



a) Compound of the invention. ^.Omg 
Pregelatinised Starch 193.0mg 
20 \&gnesium Stearate 



2.0mg 
200.0mg 



500 ricrm m«* blendrf togeflw »«! lubricattd wi4 

suitable size. 

b) Compound of the invention ^.Omg 

177.0mg 

Lactose 

30 Polyvinylpyrrolidone S.Omg 
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Cross-linked polyvinylpyrrolidone 
Magnesium Stearate 
Fdl weight 



S.Omg 

2.0mg 
200.0mg 



The compound of the invention and lactose are blended together and granulated 
with a solution of polyvinylpyrroUdone. The wet mass is dried and milled. The magnesium 
stearate and cross-linked polyvinylpyiroUdone are screened through a 250 micron sieve 
and blended with the granules. The resultant blend is filled into hard gelatine capsules of a 
suitable aze. 
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Fvample 45 

a) Compound of the invention S.Omg 

HydroxypropylMeti^IceOulose 45.0njg 

Propyl Hydroxybenzoate l-5n>g 

Butyl Hydroxybenzoate OJSmg 

Saccharin Sodium 5.0mg 
SoiWtolSohition 
SuitableBuffers 
Suitable flavours 
Purified Water to 



15 The hydro:qT)ropyl methylceUuIose is dispersed in a portion of hot purified water 

together wifli the hydrojqrbenzoates and the solution is allowed to cool to room 
temperature. Tlie saccharin sodium flavours and sorbitol solution are added to the bulk 
sohition. The compound of Ae invention is dissolved in a portion of tiie remaining water 
and added to tiie bulk solution. Suitable buffers m^qr be added to control tiie pH in tiie 

20 region of maximum stability. The solution is made up to volume, filtered ami filled mto 
suitable containers. 



%w/v 



Compound of the invention 

Water for injections B J. to ^^^-^^ 

Sodium chloride may be added to adjust tiie tonicity oftiie solution and the pH may 
be adjusted to that of maximum stability and/or to fedUtate solution of tiie compound of 
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the invention using dilute acid or alkali or by the addition of suitable bufifer salts. 
Antioxidants and metal chelating salts may also be included. 

The solution is prepared, clarified and filled into appropriate sized ampoules sealed 
by fuaon of the glass. The injection is sterilised by heating in an autoclave using one of 
5 the acceptable cycles. Ahematively the solution may be sterilised by filtration and fiUed 
into sterile aiiq}oules under aseptic conditions. The solution may be packed under an inert 
atmosphoe of nitrogen. 
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I . Compounds of fonnula (J} 
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R 

I 



Z — CHCOiH 



(D 



10 



15 



20 



25 



in which 

X* and V, which may be the same or different, represent CH or N; 

represents CH or, when X« represents CH, may also represent N; 
Y^representsNor,whenY'representsN, may also represent CH; 
Z represents N or N*R*; 

R' repr^entsal^drogenatomorahydroxyl. C,.alkyl or 2,2,2- trifluoroethyi group; 
R^representsahydrpgenatomor. when both X' and X^ represent CH, may also 

represent a fluorine, chlorine or bromine atom or a C„alkyl group; 
R^representsahydrogenatomor^whenbothY-andY'representN, may also represent 

a C,^alkyl or hydroxymethyl group. 

R' ,ep«s«« a Mrogen awn. or . vrhe. Z repr««« N. R' ml«^ 
group; 

R* represents a C,^allqfl orpheiiylC,^alkyl group; 
R« represents a hydrogen atom or a C,^l group; 

and pharmaceutically acceptable derivatives thereof and salts and solvates thereof 
2. Compounds as claimed in Claim 1 in which both X' and X= represent CH. 



3. 



Compounds^cWmed inCIain. I orZin which boAY' ,ndY> represent N. 



30 



wo 93/10091 



PCT/EP92/02588 




67 



4. Compounds as claimed in any one of Claims 1 to 3 in which Z represents N or 
N*C,^alkyl. 



5. Compounds as claimed in any one of Claims 1 to 4 in which Z represents N. 



5 



6. Compounds as clumed in any one of Claims 1 to 5 in which R' 
hydrogen atom. 



represents a 



7. Compounds as claimed in any one of Claims 1 to 6 in which R\ and R' each 



1 0 represent a l^drogen atom. 

8. Compounds as claimed in any one of Claims 1 to 7 in which R* represents a hydrogen 
atom.. 

1 5 9. Compounds as claimed in Claim I in which X' and both represent CH; 



20 

11. 

trans-4-[4-[4-(Aminoiminomethyl)phenyl]-l-piperazinyl]-l-[2-(l,l-dimethylethoxy)-2- 
oxoethyl]-l-methylpiperidinium salts, including physiologically acceptable salts and 
solvates thereof, 

25 1,1-Dimethylethyl 4-[4-[4-[amino(hydro)cyimino)methyl]phenyl]-l-piperazinyl]-l- 
piperidineacetate and physiologically acceptable salts and solvates thereof; 
1 , 1 -Dimethylethyl 4-[4-[4-[imino[(2.2,2-trifluoroethyl)amino] methyl]phenyl]- 1 - 
• pipefazinyl]-l-piperidineacetate and physiologically acceptable salts and solvates thereof; 
1 , 1-Dimethylethyl 4-[4-[6-(aminoiminomethyl)-3-pyridinyl]- 1 - piperazinyl]- 1 - 

30 .piperidineacetate and physiologically acceptable salts and solvates thereof; 



Y', and Z represent N; and R', R*, R^•R'' and R' represent a hydrogen atom. 



10. 4-[4.[4-(AminoiminomethyOphenyl]-l-piperazinyl]-l-piperidineacetic acid; and 
physiologically acceptable salts and solvates thereof. 
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Ul-Dimethylethyl 4-[4.[4<anunoiminomethyI)phenyl].2-methyl-l- piperazinyl]-l- 
piperidineacetate and physiologicaUy acceptable salts and solvates thereof, 
t,Hn^[l.[4.(Anuno«ninomethyl)phenyl]-4.pip^^^^^^^ 
oxoethyQ.l.inethyIpiperidinium salts, induding physiologicaUy acceptable salts and 

5 solvates thereof, 

1.1-DimethyIethyl 44Manunoiminomethyl)phenyIl[l,4'^piperidineI. I'-acetate and 

pl^ologically acceptable salts and solvates thereof. 
lJ.I>imethyIetMM4-[4Kaniinoiminomethyl)phenyI]-l.^^^^ 

and physiologicany acceptable salts and solvates thereof, 
,0 1,1-DimethyIethyI 4.[4.[Maininoinrinomethyl)-2-bromophenyl]-l- piperazmyl]-!- 
piperidineacetate and physiologically acceptable salts and solvates thereof, 

la^imetfaylethyl 4^[4-[4Kanri«oinunometM)-2-«i<^»Phenyl>l-P^ 
pipeiidineacetate and physiologicaUy acceptable saks and solvates thereof 

Ethyl4^4.[4<aininoiininomethyl)pheM]-l-piperazi^^^^ 

1 5 and phyaologicaUy acceptable salts and solvates thereof, 

lJ.DimethylethyllWaininoiminomethyl)phenyl][4,4^-pip^^^^^ 

physiologicaUy acceptable salts and solvates thereof 
trans-4.[4-[4-(Airunoimmomethyl)phenyl]-l-piperazinyl]-l- 

[2-(U-dimethylethoxy>2oxoethyl]-l.(phenylmethyl)^^^^^ 
20 physiologicaUy acceptable salts and solvates thereof, 

cis-4-[4-[4<Aininoinunomethyl)phenyl]-l-pipera2inyI]-I- 
• [2<Ul-dimethylethoxy>2^xoethyl>lKphenyhnethyl)p^^^ 
physiologicaUy acceptable salts and solvates thereof 

cis-1 1-DimethyIethyl 4-[4-[4.[anuno(hydroxyimmo)methynphenylM. piperazinylj-S- 
25 methyl-l-piperidineacetate and physiologically acceptable salts and solvates thereof; 
trans^4.[4KAniinoiminomethyl)phenyl]-l.piperazinyI]-H2-^^^^^ 
2-oxoethyl)-l.methylpiperidinmm salts, including physiologically acceptable salts and 

solvates thereof 
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4_[4.[4.(Ainino(hydroxyimino)inethyl]phenyll-l-piperazinyl]-l- piperidineacetic acid and 
physiologically acceptable salts and solvates thereof; 
4.[4.[4-(Imino[(2,2,2-trifluoroethyl)amino]methyl]phenyI]- 1 - 



5 thereof, 

4-[4.[6-(Afninoiminomethyl)-3-pyridinyl]-l-piperazinyl]-l- piperidineacetic add and 



4.[4.[4-(Aminoiminomethyl)phenyl]-2-methyl-l-piperazinyl]-l- piperidineacetic add and 
physiologically acceptable salts and solvates thereof; 
1 0 tnins-4-( l-[4-(Aminoiminomethyl)phenyl]-4-piperidinyl]- 1 -(2-hydroxy- 

2-oxoethyl)-l-meth^piperidinium salts, including physiologically acceptable salts and 
solvates thereof, 

4-[4-(Aminoiminomethyl)phenyl][l,4'-bipiperidine]-r-acetic acid and physiologically , 
acceptable salts and solvates thereof, 
1 5 Ethyl 4-[4-[4<anunoinunomethyl)phenyl]- 1 -piperaanyl]- 1 - piperidineacetate and 
phyaologically acceptable salts and solvates thereof; 

4.[4.[4-(Aininoiminomethyl)-2-bromophenyll-l-piperazinyl]-l- piperidineacetic add and 
phyaologically acceptable salts and solvates thereof; 

4.[4.[4^Aininoiniinomethyl>-2-methyIphenyl]-l-piperazinyl]-l- piperidineacetic add and 

20 phyaologically acceptable salts and solvates thereof; 

4-[4-[4-<Aininoiminomethyl)phenyl]-l-piperazinyl]-a-methyl-l- piperidineacetic add, in 
the form of a racemic mixture or a single enantiomer. and physiologically acceptable salts 
and solvates thereof, 

l'-[4-(Aminoiminomethyl)phenyl][4,4'-bipiperidine]-l-acetic acid and physiologically 

25 acceptable salts and solvates thereof; 

trans-4-[4-[4-( AminoiminomethyOphenyl]- 1 -piperazinyl]- 1 -(2-hydroxy- 
2-oxoethyl)-l-(phenylmethyl)piperidinium salts, including physiologically acceptable salts 
and solvates thereof; 



piperazinyl]- 1-piperidineacetic acid and physiologically acceptable salts and solvates 



physiologically acceptable salts and solvates thereof; 
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cis^[4-[4<Anunoinrinomethyl)phenylI-l-piperazinyl]-H2^^^^ 
oxoethylHKphenylmethyOpiperidinum salts, including physioIogicaUy acceptable sahs 

and solvates thereof, 

cis^[4.[4<Anunoinunomethyl)phenyQ4.piperazinyl]^^ piperidineacetic add 

5 and physiologically acceptable salts and solvates thereof 

Ul-Dimethylethyl 444-[4-[[(ethoxycarhonyl)anrino]i^^ 

-i-piperidineacetate and physiologically acceptable sahs and solvates thereof 

4^4.[4.[[<Ethoxycaibonyl)anuno]inunomethyl]phe^^^^ 

add and physioIogicaUy acxeptable salts and solvates thereof 
10 1 1-DimethyiethyI 4-[4-[4.rmuno[(methoxycari)onyOaniino] methyl]phenyl]-l- 

piperazinyU-l-piperidineacetateand physiologically acce^^ 

4.[4.[4-[ImmoC(methoxycarbonyl)amino]metM]ph6'5rq-l-^ 

l-piperidineacetic add and physiologically acceptable salts and solvates thereof 

1 i-Dimethyleti9l4-[4-[4[[(dietho^hosphiiQrl)anuno]inm^ 
15 l'.piperaziiqrQ.I-Weridineacetateandphysiologic^^ 

thereof 

4-[4-[4-[[(PiethylphosphinyOaniino]inunomethyl]phOT^^^ 
piperidineaceticadd and physiologicany acceptable salts and solvates th^^^ 

1 i.DimethyletlQrl4.[4.[4-[(benzoylammo)inuno^^ 
20 piperidineacetate and physiologcaUy acceptable salts and soh^ther^^ 
4.[4^4-[^enzoylaniino)inunomethyl]phenyll-l.piperazm^^ 
physioIogicaUy acceptable salts and solvates thereof 

1 i.DimetMetM4-[HHanuno(hydroxyinrino)^^^^ 1-piperazinyl]- 
l.pip«idmeacetate and physiologicatty acceptable.salts and solvates thereof. 
25 1 l.Dimethylethyl4.[4-[5.(anunonninomethyl)-2.pyridin^^^^ 

piperidineacetate and physiologically acceptable salts and solvates thereof, and 
4-W5<Anunoinunomethyl)-2-pyridinylH-pipen^^^^^ piperidineacetic aad and 
phyaoIogicaUy acceptable salts and solvates thereof. 
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12. Compounds as claimed in any of Claims 1 to 1 1 wherein the compound of formula (I) 
is in the form of a hydrochloride, hydrobromide, sulphate, phosphate, benzoate, 
naphthoate, hydroxynaphthoate, p-toluenesulphonate, methanesulphonate, sulphamate, 
ascorbate, tartrate, salicylate, succinate, lactate, glutarate, glutaconate, acetate, 
S tricarballylate, citrate, flimarate, maleate or sodium salt. 



13. A process for the preparation of compounds of formula (I) as defined in any of 
Claims 1 to 12 or a physiologically acceptable salt or solvate thereof, which comprises: 
(A) for the preparation of compounds of formula (I) in which represents a hydrogen 
10 atom; 

alkylating a compound of formula (II) 




(wherein R*" represents a protecting group) followed by reaction with a source of 
anmionia; or 

(B) for the preparation of a compound of formula (I) in which R' represents a hydroxyl 
group; 

20 treating a compound of fbrmula (HI) 




or a protected derivative thereof with hydroxylamine or an acid addition salt thereof; or 
(C) for the preparation of a compound of formula (I) in which R' represents a hydroxyl, 
C,^kyl or 2,2,2-trifluoroethyl group, forming a thioimidate from a compound of formula 
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(ID foUowed by reaction with an amine R'NH, (where R' represents hydroxy, C.^l or 
2A2-trifluoroethyl); or 

(P) foiming an imidate from a compound of formula (IV) 

R f R 



(wheremR'representsaprotectingg«)up)foBowedbytreatment with a source of 
10 ammomaoranamineR»NH,(whereR'ishydroxy.Q.aIkyIor2A2^oroethyO^^ 

(E) imerconversion of a compound of formula (I) into another compound of formula (D; 

^ forthe preparation of a compound of formula (D in which R' represents a hydrogen. 
Chalky! or 2,2,24rifuloroethyl and Z represents N; 
15 i^drogenaling a compound of formula (XIQ 



H 



(XH) 



(where R' is hydrogen, C,^I or 2,2,2-tiifluoroethyl); or 
(G) optionafly removin^any protecting groups fiom a protected derivative of fonnula (D; 
withtheformationofapharmaceuticailyacceptablederivative. salt formation and 
resolution as optional steps subsequent to any of processes (A) to (G). 

14 Apharmaceuticaicompositioncomprisingacompoundofformulaa)asdefinedin 
any one of Claims 1 to 12 or a physiologically acceptable salt or solvate thereof together 
with at least one physiolo^caUy acceptable carrier or excipient 
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15. A compound of formula (I) as defined in any of Claims 1 to 12 or a physiologically 



acceptable salt or solvate thereof for use in human or veterinary medicine. 

16. The use of a compound of formula (I) or a physiologically acceptable salt or solvate 
5 thweof as defined in any of Claims 1 to 12 for the manufiicture of a medicament for the 

treatmoit or phrophylaxis of thrombotic disorders. 

17. A method of treating a human or animal subject suflFering firom or susceptible to a 
thrombotic disorder, which method comprises administering to said subject an effective 

10 amount of a compound of formula (I) as defined in any of daims 1 to 12 or a 
physiologically acceptable salt or solvate thereof 
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